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PREFACE. 


Ths  papers  and  discussions  presented  at  meetings  of  the  Institute 
during  the  year  1914  will  be  published  in  three  volumes.  In  order  to 
preserve  the  chronological  order  of  presentation,  the  present  volume  is 
devoted  to  the  first  meeting  of  the  year,  February,  1914. 

As  it  wa.s  found  impracticable  to  include  in  one  volume  all  the 
papers  presented  at  that  meeting,  the  papers  relating  to  iron  and  steel 
have  been  omitted  and  will  be  included  in  Vol.  L,  which  is  to  contain  the 
papers  read  at  the  meeting  held  in  October,  1914,  under  the  auspices  of 
the  Iron  and  Steel  and  other  Committees,  thus  assembling  in  one  volume 
all  the  material  on  iron  and  steel  and  related  subjects  which  was  presented 
at  Institute  meetings  during  the  year. 
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LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD,      . 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER, 
GUY  H.  COX. 
JOSEPH  DANIELS. 
N.  F.  DRAKE. 


FRANK  W.  DURKEE, 
HOWARD  ECKFELDT, 
DAVID  M.  F0L80M, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE, 
HENRY  B.  MELLER, 
WALTER  S.  MORLEY, 


CHARLES  J.  NORWOOD. 
GEORGE  S.  RAYMER, 
HEINRICH  RIES, 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON, 
CLINTON  M.  YOUNG. 


>  Unta  Feb..  1916.        «  UntU  Feb.,  1010.        •  Untfl  Feb.,  1017.        «  Until  Feb.,  lOIS. 
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GOMMITTEB  ON  INCREASE  OF  MEMBERSHIP 

ADOLPHB  B.  BORIS.  Chairman. 

Viee^hainnm 

OBORGE  D.  BARRON,  PHILIP  N.  MOORE, 

EDWARD  H.  BENJAMIN*  ROBERT  H.  RICHARDS. 

FRED  H.  BOSTWICK,  MILNOR  ROBERTS, 

ELI  T.  CONNER,  CARL  8CH0LZ, 

a  B.  CORNING,  WILLIAM  WRAITH, 
WALTER  DOUGLAS, 

THOMAS  T.  READ.  Smt^w.  Woolworth  Bldg..  N«w  York,  N.  Y. 


JOHN  H.  ALLEN.  R.  C.  GEMMELL, 

RICHARD  M.ATWATER.JS..  EDWIN  C.  HOLDEN, 


DARSIE  C.  BARD, 
W.  DB  L.  BENEDICT, 
SAMUEL  W.  BEYER, 
A.  C.  BOYLE,  Js., 
FREDERICK  BRAD8HAW. 
JOHN  C.  BRANNER, 
J.  B.  BUTLER, 
PALMER  CARTER. 
ALLAN  JAY  CLARK, 
GEO.  M.  COLVOCORESSES, 
F.  CRABTREE. 
GEORGE  C.  CRAWFORD, 
0.  C.  DAVIDSON, 
JAMES  a  DOUGLAS, 
K.  F.  DRAKE, 
DAMON  D.  DUNKIN, 
HOWARD  N.  EAVENSON, 
HOWARD  ECKFELDT, 


WILUAM  L.  HONNOLD, 
WALTER  E.  HOPPER, 
REGINALD  E.  HORB, 
TADA8HIR0  INOUYB, 
ROYAL  P.  JARVIS. 
C.  COLCOCK  JONES, 
EUGENE  P.  KENNEDY, 
G.  B.  LADD, 
H.  N.  LAWRIB. 
CHESTER  F.  LEE, 
R.  8.  McCAFFERY, 
S.  W.  McCALLIE, 
JAMES  F.  MoCLELLAND, 
MILTON  H.  MoLEAN, 
C.  G.  MEMMINGER, 
T.  H.  O'BRIEN, 
JAMES  J.  ORMSBEE, 


ROBERT  PEELE, 
CHARLES  P.  PERIN, 
JOHN  B.  PORTER, 
JOSEPH  HYDE  PRATT, 
FRANK  A.  RAY, 
R.  M.  RAYMOND, 
CHARLES  RHODES, 
LbROY  BALSICH, 
HENRY  L.  SMYTH, 
R.  B.  STANFORD, 
STEPHEN  TABER, 
KNOX  TAYLOR, 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER, 
ELTON  W.  WALKER, 
CHO  YANG, 
CLINTON  M.  YOUNG. 
MORRISON  B.  YUNG. 


EDWARD  W.  PARKER, 

COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 
BlectricUy  in  Mining  Mine  ExpUmant  Mine  SvbHdence 

WILLIAM  KELLY,  H.  M.  CHANCE,  JAMES  F.  KEMP, 

THOMAS  H.  LEGOETT,  FRANK  HAAS,  R.  V.  NORRIS, 

SAMUEL  A.  TAYLOR,  CHARLES  K.  LEITH. 

INSTITUTE  REPRESENTATIVES 
UnUed  Engineering  Society  7*ru8teee 

JAMBS  F.  KEMP.i  JOSEPH  STRUTHBRS,*  CHARLES  F.  RAND.* 

Library  Board,  United  Engineering  Society 
C.  R.  CORNING,*  ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON, 

JOHN  HAYS  HAMMOND,*        B.  GYBBON  SPILSBURY,* 

John  Fritz  Medal  Board  of  Award 

JAMES  F.  KEMP,*  ALBERT  SAUVEUR,* 

CHARLES  KIRCHHOFF.x  E.  GYBBON  SPILSBURY.« 

General  Conference  Commiitee  of  Engineering  Societies 

BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNING. 

Committee  of  Management,  International  Engineering  Conffrese,  1016 

H.  FOSTER  BAIN,  ROBERT  E.  CRANSTON,  BENJAMIN  B.  THAYER, 

NEWTON  CLBAVELAND,  WILLIAM  S.  NOYES,  BRADLEY  STOUGHTON. 

Recejflion  CommiUee,  International  Engineering  Congreee,  1915. 

B.  E.  OLCOTT,  GEORGE  F.  KUNZ. 

American  Aeeodation  for  the  Advaneement  of  Science 

HEINRICH  O.  HOFMAUr,  JOHN  D.  IRVING. 

Advieory  Board  of  the  National  Coneervation  Congress 

HENRY  S.  DRINKER. 

Joint  Committee  on  Standardization  of  Graphical  Methods 

JUDD  STEWART. 


>  Unta  Feb..  1016.       *  Until  Fe?.,  1010.       •  Until  Feb..  1017.       «  Until  Feb.,  1018. 
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TECHNICAL  COMMITTBES 
Iron  and  Sled 

ALBERT  BAUYEUR.  Chairman. 

A.  A.  STEVENSON,  Vie^^hairman, 

HERBERT  M.  BOYLBTON,  S^erttary,  Abbot  Blds^  Hanrard  8q.,  Cambridge,  Mam. 

Sub  Committees 

IRON  ORE 
DWIGHT  E.  WOODBRIDGE,  Chairman.  » 

CHARLES  F.  RAND,  FELIX  A.  VOOEL, 

B.  W.  VALLAT,  ERNEST  F.  BURCHARD. 

BLAST  FURNACES 

H.  A.  BRA8SERT,  Chairman. 

JAMES  GAYLEY.  RICHARD  V.  McEAY. 

J.  E.  JOHNSON,  Jb.,       RICHARD  MOLDENKE. 


JOHN  BIREINBINB, 
WILLIAM  KELLY, 


WILLIAM  H.  BLAUVELT, 
AMBROSE  N.  DIEHL, 


GUILLIAEM  AERTSEN, 
FRANK  D.  CARNEY.l 


STEEL  WORKS 
A.  A.  STEVENSON,  Chairman. 
HENRY  D.  HIBBARD,  J.  S.  UNGER, 

C.  F.  W.  RYS,  WILLIAM  R.  WALKER. 


ROLUNQ  MILLS 
FREDERICK  W.  WOOD,  Chairman. 
CHARLES  A.  BUCK.  ROBERT  W.  HUNT, 

CHEMISTRY,  PHYBIC8|  AND  METALLOORAPHY. 
HENRY  M.  HOWE,  E.  GYBBON  8PILSBURY,  WILLIAM  R.  WEBSTER. 

JOSEPH  W.  RICHARDS  LEONARD  WALDO, 

Precious  and  Bate  MetdU 

CHARLES  W.  GOODALE,  Chairman. 
L.  D.  RICKETTS,:Fte0-CAatnfum.  R.  C.  GEMMELL,  Viea^hairman. 

DARSIE  C.  BARD,  SMrttery,  Montana  State  Sohool  of  Mines,  Butte,  Mont. 

SUB-COMMITTBBS 
COPPER 


W.  H.  ALDRIDGE, 

W.  LAWRENCE  AUSTIN, 

FREDERICK  I.  CAIRNS, 

DAVID  COLE, 

FRED  W.  DENTON, 


W.  H.  BLACKBURN 

F.  L.  BOSQUI. 
PHILIP  R.  BRADLEY, 
CHARLES  BUTTERS, 

G.  H.  CLEVENGER. 


LEONARD  S.  AUSTIN, 
O.  M.  BILHARZ, 
JOHN  S.  CARNAHAN, 
ARTHUR  S.  DWIGHT, 


S.  E.  BRETHERTON, 
GELASIO  CAETANI, 


EDWARD  P.  MATHEWSON,  Chairman. 


JOHN  C.  GREENWAY, 
LAFAYETTE  HANCHETT, 
WILLIAM  H.  HOWARD, 
FREDERICK  LAIST, 
C.  B.  LAKENAN, 


L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 
A.  E.  WHEELER, 
A.  E.  WIGGIN. 


GOLD  AND  SILVER 
F.  LYNWOOD  GARRISON,  Chairman. 


HARRY  S.  DENNY, 
JOHN  V.  N.  DORR, 
FRANKLIN  GUITERMAN, 
J.  W.  MALCOLMSON. 
CHARLES  W.  MERRILL, 


WILLET  G.  MILLER, 
CHARLES  H.  MUNRO, 
HENRY  C.  PERKINS, 
R.  M.  RAYMOND, 
WHITMAN  SYMME8. 


LEAD 
HEINRICH  0.  HOFMAN,  Chairman. 

KARL  EILERS,  ARTHUR  THACHER, 

H.  A.  GUESS,  BULKLEY  WELLS. 

SIDNEY  J.  JENNINGS,  RUSH  J.  WHITE, 

FRANK  M.  SMITH,  WILLIAM  WRAITH. 


BING 

GEORGE  C.  STONE,  Chairnum. 

W.  McA.  JOHNSON, 
DORSEY  A.  LYON, 

H.  A.  WHEELER. 


A.  L.  QUENEAU. 
C.  E.  SIEBENTHAL, 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHER, 
FRANK  L.  HESS, 


MISCELLANEOUS  METAIA 

CHARLES  H.  FULTON,  Chairman. 

ROBERT  M.  KEENEY.  JOSEPH  STRUTHER8, 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 

WALTER  M.  STEIN, 


COMMITTEES 


XIU 


Mining  Geoiogy 

JAMES  F.  KEMP,  Ckairmmm. 
JOHN  W.  FINCH.  Vie0'Chnrman,  R.  A.  F.  PENROSE,  Jb..  Fiet-CAoirflMM. 

L.  C.  GRATON,  S^erttary,  Harrard  OooIosImI  MuMum,  Cambridca,  Mi 


RALPH  ARNOLD. 
H.  FOSTER  BAIN. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER. 
WHXIAM  H.  EMMONS. 
F.  LYNWOOD  OARRISON. 
HKNRT  LANDES, 


ALFRED  C.  LANE, 
CHARLES  K.  LEITH, 
R.  V.  N0RRI8. 

ezequiel  ordonez, 
William  b.  phhxips, 
joseph  hyde  pratt, 
heinrich  ribs, 


RENO  H.  SALES, 
WILLIAM  G.  SHARP, 
CHARLES  H.  SMYTH,  Jb.. 
HENRY  L.  SMYTH, 
J08IAH  E.  SPURR, 
M.  B.  WADSWORTH. 


Mining  and  MUling  Methods 

DAVII^  W.  BRUNTON.  Chaimum. 
C.  HOOVER.  Vie^^haimum.  FRED  W.  DBNTON, 

SUB-COMMITTBES 


MINING 

ROBERT  M.  CATLIN,  CktdmuM 
JAMES  F.  McCLEUAND.  SMfttory.  Drawer  C,  Yale  Station,  New  Haven,  Conn. 


TRUMAN  H.  ALDRICH.  Jm.     JOHN  GILLIE, 


R.  B.  BRINSMADE. 
DOUGLAS  BUNTING. 
LOUIS  8.  CATES. 
CHARLES  CATLETT. 
J.  PARKE  CHANNING. 
FRED  W.  DENTON. 
STANLEY  A.  EASTON, 
JAMES  R.  FINLAY, 
R.  C  GEMMELL, 


JOSEPH  A  HOLMES, 
WHXIAM  L.  HONNOLD, 
JAMES  E.  JOPLING. 
ROBERT  A.  KINZIE, 
THOMAS  H.  LEOOETT, 
HENRY  LOUIS. 
JAMES  MaoNAUGHTON, 
8EELEY  W.  MUDD, 
W.  J.  OLCOTT, 


JAMBS  B.  RISQUE, 
MILNOR  ROBERTS, 
OSCAR  ROHN, 
W.  L.  SAUNDERS, 
HENRY  L.  SMYTH. 
B.  W.  VALLAT, 
SAMUEL  D.  WARRINER, 
GEORGE  WEIR, 
DWIGHT  B.  WOODBRIDGB. 


MILLING 


ROBERT  H.  RICHARDS, 
CHARLES  E.  LOCKE.  SMrttery,  Maaa.  Inatltnte  of 


B.  8.  BARDWELL. 
H.  K.  BURCH. 
CHARLES  BUTTERS, 
GELASIO  CAETANI, 
W.  A.  CALDECOTT, 
J.  M.  CALLOW, 
CHARLES  A.  CHASE, 
DAVID  COLE, 
S,  B.  CHRISTY, 
JOHN  V.  N.  DORR. 
ARTHUR  a  DWIGHT, 


H.  A.  GUESS, 
H.  C.  HOOVER. 
HENRY  KRUMB, 
FREDERICK  LAIST, 
C.  B.  LAKENAN, 
W.  P.  LASS, 

CHARLES  W.  MERRILL, 
HENRY  a  MUNROE, 

B.  H.  NUTTER, 

C.  Q.  PAYNE, 


Teehnology,  Booton,  Mi 

JOHN  B.  PORTER. 
M.  K.  RODGERS. 
L.  G.  ROWAND, 
B.  A.  C.  SMITH, 
T.  B.  STEARNS, 
W.  G.  SWART, 
ARTHUR  THACHBR, 
G.  D.  VAN  AR8DALB. 
BULKLEY  WELLS, 
A  B.  WIGGIN, 
G.  H.  WITMAN,  Jn. 


Non-MetaUie  MineraU 

HEINRICH  RIBS,  ChaSmum. 
GEOBOB  F.  KUNZ,  ViM-Chairman.  EDWARD  W.  PARKBR,  Viet^hoirman, 

JOHN  C.  BRANNER,  Viet-Chainman.  H.  J.  SEAMAN,  Vie^^kaitMan, 

CHARLES  P.  BERKBY,  S^er^Uxry,  Columbia  Univanitgr,  New  York,  N.  Y. 


SAMUEL  W.  BEYER, 
H.  A.  BUEHLER, 
FRANK  W.  DaWOLF, 
R.  D.  GEORGE. 
FR.\NK  L.  HESS, 
F.  R-  HEWITT, 


F.  C.  HOOPER. 
C.  COLCOCK  JONES, 
J.  K.  McLANAHAN.  Jn., 
C.  G.  MEMMINGER, 
BENJAMIN  L.  MILLER, 
WHXET  G.  MILLER, 


J.  D.  PENNOCK, 
W.  C.  PHALEN, 
WILLIAM  B.  PHILLIPS, 
JOSEPH  HYDE  PRATT, 
KBNNETH  SEAVER. 
T.  L.  WATSON 
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Coal  and  Coke 

H.  M.  CHANCE,  Chairman. 

SAMUEL  D.  WARRINER.  Fiee-CAatmum, SAMUEL  A.  TAYLOR,  Vic^^hairman. 

FREDERICK  W.  C.  WHTTE,  Vie^-Chalrman. 
ELI  T.  CONNER,  aeerHary,  1316  Stephen  Qinrd  Bldg.,  Philadelphia,  Pa. 


FRANKUN  BACHE, 
SAMUEL  W.  BEYER, 
WILLIAM  H.  BLAUVELT, 
FRED  M.  CHASE, 
THOMAS  H.  CLAOETT, 


QEORQE  W.  EVANS. 
HENRY  8.  FLEMING, 
FRANK  HAAS, 
FRANK  A.  HILL. 
CHARLES  F.  HUBER. 


CLARENCE  R.  CLAOHORN,  ALBERT  B.  JES8UP, 


EDWARD  H.  COXE, 
JAMES  S.  CUNNINGHAM, 
FRANK  W.  DbWOLF, 
A.  W.  DICKINSON, 
HOWARD  N.  BAVENSON, 
.CHARLES  ENZL4N, 


CHARLES  E.  KREBS, 
W.  W.  KEEPER, 
EDWIN  LUDLOW. 
EVERETT  B.  MOORE, 
MARSHALL  Q.  MOORE, 
ROBERT  H.  MORRIS. 

Mining  Law 


R.  V.  NORRIS, 
T.  H.  O'BRIEN, 
WILLIAM  N.  PAGE, 
FLOYD  W.  PARSONS, 
EDWARD  W.  PARKER, 
EDGAR  P.  PETTEBONB, 
ERKSINE  RAMSAY, 
GEORGE  S.  RICE, 
W.  J.  RICHARDS, 
CARL  SCHOLZ, 
HARRY  H.  STOEK, 
MORRIS  WILLIAMS. 


CORNELIUS  F.  KELLEY, 

JOHN  W. 
ALBERT  BURCH, 
J.  MURRAY  CLARK. 
WILL  L.  CLARK, 
C.  LORIMER  COLBURN, 
COURTENAY  DaKALB, 
CHARLES  W.  GOODALB, 


HORACE  V.  WINCHELL,  Cfhairman. 
Vie^^hmrman.  CURTIS  H.  LINDLEY.  Vict-Chairman, 

FINCH,  8€cntanf,  780  Symee  Bldg.,  Denver,  Colo. 

FREDERICK  T.  GREENE.        WILLIAM  8CALL0N. 
JOSEPH  A.  HOLMES,  CHARLES  H.  SHAMEL, 

EDWIN  O.  HdLTER,  FRANK  L.  SIZER, 

EDMUND  B.  KIRBY,  JOEL  F.  VAILE, 

M.  L.  REQUA,  WALTER  H.  WILEY. 

GBORGB  W.  RITER, 

Petroleum  and  Qae 


ANTHONY  F.  LUCAS,  Chairman, 
WILLLA.M  N.  BEST,  ViM-CAoirmafi.  DAVID  T.  DAY.  YicB-Chaitman. 

WlLLlAMi  B.  PHILLIPS,  Fiee-CAairmon,  M.  L.  REQUA.  Vie^-Chairman. 

LEONARD  WALDO,  SterUary,  49  WaU  St.,  New  York,  N.  Y. 


RALPH  ARNOLD. 
FREDERICK  G.  CLAPP. 
EUGENE  COSTE, 
EDWIN  T.  DUMBLE. 
JOHN  R.  EDWARDS, 


C.  WILLARD  HAYES, 
PHILIP    W.   HENRY, 
HANS  VON  HOEFER, 
I.  N.  KNAPP. 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILLIPS. 
WALTER  O.  SNELLING. 
WILLIAM  L.  WATTS, 
H.  A.  W  H  EELER, 
WILLIAM  A.  WILLIAMS. 


FRANCIS  O.  BLACKWELL, 
CHARLES  W.  GOODALE, 
MAX  HEBGEN. 


The  Uee  of  EledHeUy  in  Mines 

WILLIAM  KELLY,  Chairman, 
JOHN  LANGTON,  STEPHEN  H.  PITKIN, 

THOMAS  H.  LEGGETT,  DAVID  B.  RUSHMORE. 

FREDERICK  W.  O'NEIL,         SAMUEL  A.  TAYLOR. 
GEORGE  R.  WOOD. 

Safeiy  and  Sanitaiian  , 


ARTHUR  WILLIAMS,  Chairman. 
E.  MALTBY  SHIPP,  5«cr«tary,  2  Rector  St.,  New  York,  N.  Y. 


W.  H.  ALDRIDGE, 
GEORGE  D.  BARRON, 
WILLLA.M  L.  BELL, 
JAMES  L.  BRUCE, 
C.  F.  CHANDLER, 
WILL  L.  CLARK, 
GEORGE  C.  CRAWFORD, 
R.  W.  DEACON, 
WALTER  DOUGLAS, 
THEODORE  DWIGHT, 
HOWARD  N.  EAVENSON, 


CHARLES  F.  FAIRBAIRN, 
EDGAR  a  FELTON, 
CHARLES  W.  GOODALE, 
JOSEPH  A.  HOLMES, 
SIDNEY  J.  JENNINGS, 
ROBERT  A.  KINZIE, 
JOHN  LANGTON, 
SOLOMON  LEFEVRE, 
JAMES  MaoNAUGHTON, 
W.  W.  MEIN, 
DWIGHT  B.  WOODBRIDGE. 


0.  P.  NEHX, 
R.  V.  NORRIS, 
W.  J.  OLCOTT. 
JAMES  B.  RISQUE, 
WILLIAM  D.  SARGENT. 
FRANCIS  P.  SINN, 
WILLIAM  D.  THORNTON, 
WILLIAM  R.  WALKER, 
C.  W.  WHITLY, 
H.  A.  J.  WILKBNS. 


PROCEEDINGS  OF  THE  NEW  YORK  llEBTING  XV 


Proceedings  of  the  One  Hundred  and  Seventh  Meeting  of  the 

Institute  of  Mining  Engineers 

The  107th  meeting  of  the  Institute  was  held  in  New  York  City  on  i 

Feb.  16  to  19,  inclusive,  1914.  Three  hundred  and  twenty-three  persons 
were  registered  and  68  papers  were  presented,  for  which  10  technical 
s^ons  were  required. 

The  Committees  having  this  meeting  in  charge  were  constituted  as  , 

follows.  To  all  of  these  persons  the  Institute  extends  its  most  sincere 
thanks  for  their  generous  efforts: 

GENERAL  COMMITTEE 

ExeciUiue  Committee  of  the  New  York  Section 

Louts  D.  Httntoon,  Chairman  Abthub  S.  Dwioht,  Vice^hairman  • 

Thomas  T.  Read,  Secretary  E.  Maltbt  Shipp,  Treasurer 

George  F.  Kunz  W.  de  L.  Benedict 

COMMITTEES 

I 
PROGRAM  I 

Thomas  T.  Read,  Chairman  j 


H.  M.  Boylston  A.  F.  Lucas 

John  W.  Finch  Albert  Sauveur 

C.  W.  Goodale  Bradley  Stoughton 

L.  C.  Graton  Leonard  Waldo 

J.  F.  Kemp  H.  V.  WincheU 

ANNUAL  DINNER 

Theodore  Dwioht,  Chairman 

W.  de  L.  Benedict  E.  Maltby  Shipp 

W.  L.  Saunders  Edward  B.  Sturgis 

LUNCHEON 

E.  Maltbt  Shipp,  Chairman 

W.  de  L.  Benedict  L.  V.  Emanuel 

C.  A.  Bohn  Lucius  Mayer 

A.  S.  Dwight                                           ^  Carr  B.  Neel 

P.  A.  Moaman 

LADIES 

Mrs.  Arthxtr  S.  Dwiqht,  Chairman 

Mrs.  Geo.  D.  Barron  Mrs.  Sidney  J.  Jennings 

Mib.  Charles  A.  Bohn  Mrs.  J.  F.  Kemp 

Mrs.  J.  H.  Devereux  Mrs.  W.  W.  Mein 

Mrs.  Walter  B.  Devereux,  Jr.  Mrs.  Willard  S.  Morse 

Mrs.  Karl  Eilers  Mrs.  Henry  8.  Munroe 

Mrs.  H.  W.  Hardinge  Mrs.  H.  A.  Prosser 

Mrs.  Levi  Holbrook  Mrs.  Charles  F.  Rand 

Mrs.  E.  O.  Hovey  Mrs.  Thomas  Robins 

Mrs.  L.  D.  Huntoon  Mrs.  Bradley  Stoughton 

Mrs.  W.  R.  Ingalls  Mrs.  Otto  Sussman 

Mrs.  J.  H.  Janeway  Mrs.  B.  B.  Thayer 
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PROCEEDINGS   OP  THE  NEW   YORK  MEETING 


H.  M.  Chance 
C.  F.  Chandler 
John  A.  Church 
Levi  Holbrook 
J.  H.  Janeway 


RECEPTION 

Monday,  Feb.  16,  1914 

A.  R.  Ledoux,  Chairman 

ThoB.  H.  Leggett 
Henry  S.  Munroe 
Jos.  W.  Richards 
E.  Gybbon  Spilsbury 
Geo.  C  Stone 

RECEPTION 

Tuesday,  Feb.  17,  1914 

Sidney  J.  Jennings,  Chairman 


R.  M.  Atwater,  Jr. 
Adolphe  E.  Borie 
J.  V.  N.  Dorr 
E.  O.  Hovey 
George  F.  Kunz 


W.  A.  Pomeroy 
H.  A.  Prosser 
J.  H.  Van  Mater 
A.  H.  Wethey 
Edw.  L.  Young 


RECEPTION 


Tuesday  Evening,  Feb.  17,  1914 

£.  O.  HovET,  Chairman 

P.  A.  MosMAN,  Vice-Chairman 

Karl  Eilers  Waldemar  Lindgren 

James  Gayley  F.  A.  Lucas 

Joseph  A.  Holmes  H.  F.  Osbom 

John  H.  Janeway,  Jr.  Rossiter  W.  Raymond 

Sidney  J.  Jennings  Joseph  W.  Richards 

James  F.  Kemp  George  C.  Stone 

Charles  Kirchhoff  Bradley  Stoughton 

Geo.  F.  Kunz  Benjamin  B.  Thayer 

Albert  R.  Ledoux  Edward  L.  Young 

RECEPTION 

Wednesday,  Feb.  18,  1914 

Joseph  Struthers,  Chairman 


William  Campbell 
L.  W.  Francis 
John  H.  Hall 
N.  V.  HanseU 
E.  O.  Holter 


Henry  Marion  Howe 
J.  E.  Johnson,  Jr. 
Richard  Moldenke 
Leonard  Waldo 
H.  V.  WincheU 


S.  H.  BaU 
C.  P.  Berkey 
J.  V.  N.  Dorr 
Ernst  F.  Eurich 
W.  R.  Ingalls 


RECEPTION 

Thursday,  Feb.  19,  1914 

Lawrence  Addicks,  Chairman 

J.  S.  Lane 
Waldemar  Lindgren 
Carr  B.  Nell 
Denis  M.  Riordan 
Theodore  Sternfeld 


BUREAU  OF  REGISTRATION  AND  INFORMATION 

Burr  A.  Robinson,  Chairman 
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Social  Features. — Registration  facilities  were  extended  beginning 
on  the  afternoon  of  Monday,  Feb.  16,  and  extending  throughout  the 
entire  meeting. 

On  the  evening  of  Feb.  16,  at  8:30  o'clock,  members  and  guests  met 
in  the  Assembly  Room  on  the  fifth  floor  of  the  Engineering  Societies, 
building,  where  greetings  were  extended  on  behalf  of  the  Institute  by 
President  Charles  F.  Rand.  This  was  followed  by  an  illustrated  address 
by  Prof.  James  F.  Kemp,  and  an  address  illustrated  by  lantern  slides  and 
moving  pictures  on  the  "Dangers  of  Field  Photography"  by  a  profes- 
sional lecturer,  then  by  an  evening  of  social  enjojrment  in  the  rooms  of  the 
Institute  on  the  ninth  floor. 

On  Tuesday,  Wednesday  and  Thursday  noons,  between  the  technical 
sessions,  complimentary  luncheons  were  served  on  the  fifth  floor. 

On  Tuesday  evening,  Feb.  17,  the  members  and  guests  assembled  in 
the  American  Museum  of  Natural  History,  where  Howard  W.  DuBois 
gave  a  talk  on  ''Hydraulic  Mining  in  British  Columbia,"  illustrated 
by  colored  lantern  slides.  This  was  followed  by  an  illustrated  lecture 
by  Dr.  E.  O.  Hovey  on  the  "Copper  Queen  Mine,"  following  which  an 
informal  collation  was  served  and  an  opportunity  afforded  for  the  in- 
spection of  the  model  of  the  Copper  Queen  Mine  and  the  working  model 
of  one  of  the  stopes,  which  have  been  presented  to  the  Museum  by  Dr. 
James  Douglas. 

On  Wednesday  evening,  Feb.  18,  a  subscription  dinner  was  held  at  the 
Waldorf-Astoria.  This  dinner  was  attended  by  200  members  and  guests, 
and  was  preceded  by  a  reception  to  the  newly-elected  President,  the  re- 
tiring President,  and  their  wives.  W.  L.  Saunders  acted  as  toast- 
master,  and  speeches  were  made  by  Past  President  Charles  F.  Rand, 
President  Benjamin  B.  Thayer,  Dr.  R.  W.  Raymond,  Ex-Senator  W.  W. 
Clark,  Senator  T.  J.  Walsh,  Thomas  B.  Stearns,  and  D.  M.  Riordan. 

On  Thursday  afternoon,  Feb.  19,  a  Th6  Dansant  was  given  for  the 
ladies  at  the  Castle  House,  and  proved  a  very  enjoyable  feature. 

Business  and  Technical  Sessions. — The  annual  business  meeting 
was  held  at  10  a.m.,  Tuesday,  Feb.  17,  at  which  the  following  officers  and 
directors  were  elected: 

Director  and  President 
Benjamin  B.  Thayer. 

Directors  and  Vice-Presidents. 

Herbert  C.  Hoover, 
William  L.  Saunders. 

Directors, 
Reginald  W.  Brock,  Albert  R.  Ledoux, 

D.  C.  Jackling,  Charles  W.  Merrill, 

Henry  L.  Smyth. 
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The  following  papers  were  then  read  by  their  authors  or  authors' 

representatives: 

H.  A.  Guess,  Mining  and  Mining  Methods  in  the  Southeast  Missouri 
Disseminnted-Lead  District. 

James  Johnston,  The  Mill  and  Metallurgical  Practice  of  the  Nipissing 
Mining  Co.,  Ltd.,  Cobalt,  Ont.,  Canada.  (Discussed  by  E.  G.  Spils- 
bury,  T.  T.  Read,  George  A.  Packard,  and  Reginald  E.  Hore.) 

On  Tuesday  afternoon,  the  following  papers  were  read  by  their  authors 

or  authors'  representatives: 

H.  H.  Clark,  Safeguarding  the  Use  of  Electricity  in  Mines.  (Discussed 
by  George  S.  Rice  and  B.  F.  Tillson.) 

H.  W.  Rogers,  The  Application  of  Electric  Motors  to  Shovels.  (Dis- 
cussed by  William  Kelly,  E.  G.  Spilsbury,  T.  T.  Read,  and  F.  H. 
Armstrong.) 

*Sanford  B.  Belden,  Recent  Developments  in  the  Design  of  Jeffrey  Loco- 
motives and  Coal-Cutting  Machines.  (Discussed  by  E.  W.  Parker 
and  R.  R.  Dunlop.) 

Charles  Legrand,  Electric  Traction  in  Mines. 

C.  M.  Means,  The  Safety  of  Underground  Electrical  Installations. 

S.  LeFevre,  Application  of  Electricity  to  Mines  and  Mills  of  Witherbee, 
Sherman  &  Co.,  Inc.,  Mineville,  N.  Y. 

William  Kelly  and  F.  H.  Armstrong,  Use  of  Electricity  at  the  Perm  and 
Republic  Iron  Mines,  Michigan.  (Discussed  by  K.  A.  Pauly,  B.  F. 
Tillson,  and  J.  E.  Johnson,  Jr.) 

W.  L.  Saunders,  Drilling  Performances  at  the  Kensico  Dam.,  Catskill 
Aqueduct  System,  New  York. 

Arthur  F.  Taggart,  The  Work  of  Crushing. 

Francis  Donaldson,  The  Injection  of  Cement  Grout  into  Water-Bearing 
Fissures.     (Discussed  by  Frank  Firmstone,  G.  S.  Wright,  and  A.  C. 
Lane.) 
The  following  paper  was  read  by  title: 

*S.  B.  King,  Recent  Developments  in  Electric  Coal-Mining  Machines. 

On  Wednesday  morning,  Feb.  18,  simultaneous  sessions  were  held  in 
different  rooms  under  the  auspices  of  different  technical  committees, 
as  follows : 

Iron  and  Steel  Committee 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 

fH.  M.  Howe  and*A.  G.  Levy,  Notes  on  the  Plastic  Deformation  of  Steel 
During  Overstrain.  (Discussed  by  H.  C.  H.  Carpenter,  H.  D.  Hib- 
bard,  W.  R.  Webster,  R.  H.  Sweetser,  and  C.  P.  Linville.) 

*  Not  included  in  this  volume.  t  Held  for  publication  in  vol.  1. 
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t  Albert  Sauveur,  Notes  on  Some  Heating  and  Cooling  Curves  of  Pro- 
fessor Carpenter's  Electrolytic  Iron.  (Discussed  by  H.  C.  H.  Car- 
penter and  H.  M.  Howe.) 

t  J.  E.  Johnson,  Jr.,  The  Influence  on  the  Quality  of  Cast  Iron  Exerted 
by  Oxygen,  Nitrogen,  and  Some  Other  Elements.  (Discussed  by 
Richard  Moldenke,  H.  D.  Hibbard,  C.  H,  Strand,  W.  R.  Webster, 
J.  H.  Hall,  A.  Sauveur,  Bradley  Stoughton,  William  Campbell, 
and  R.  H.  Sweetser.) 

fC.  D.  Young,  O.  D.  A.  Pease,  and  C.  H.  Strand,  The  Heat  Treatment  of 
Steel  Castings.     (Discussed  by  E.  F.  Cone  and  J.  H.  Hall.) 

t  W.  S.  Potter,  Manganese  Steel,  with  Especial  Reference  to  the  Relation 
of  Physical  Properties  to  Microstructure  and  Critical  Ranges. 

fProf.  B.  Hopkinson  and  Sir  Robert  Hadfield,  Research  with  Regard  to 
the  Non-Magnetic  and  Magnetic  Conditions  of  Manganese  Steel. 
(Discussed  by  W.  S.  Potter  and  H.  M.  Howe.) 
The  following  papers  were  read  by  title: 

jC.  M.  Weld,  Notes  on  an  Iron-Ore  Deposit  near  Hong-Kong,  China. 

tSir  Robert  Hadfield,  The  Progress  of  the  Metallurgy  of  Iron  and  Steel. 

Committee  on  Mining  Law 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 
R.  W.  Raymond,  Comparison  of  Mining  Conditions  To-day  with  those 

of  1872,  in  their  Relation  to  Federal  Mineral-Land  Laws. 
Charles  H.  Shamel,  Should  the  Apex  Law  be  Now  Repealed?     (Discussed 

by  R.  W.  Raymond  and  Senator  T.  J.  Walsh.) 
Charles  W.  Goodale,  The  Apex  Law  in  the  Drumlummon  Controversy. 

(Discussed  by  R.  W.  Raymond  and  Senator  T.  J.  Walsh.) 
George  Otis  Smith,  The  Classification  of  Public  Lands. 
George  Otis  Smith,  The  Disposition  of  Natural  Resources. 
Albert  Burch,  The  Initiation  of  Title  to  Mineral  Lands.    (Discussed  by 

G.  A.  Packard  and  R.  W.  Raymond.) 
F.  L  Sizer,  Good  Ideas  in  the  Mining  Laws  of  British  Columbia  and 

Mexico.     (Discussed  by  S.  J.  Jennings  and  W.  L.  Cumings.) 
On  the  same  afternoon  simultaneous  sessions  were  held  in  different 
rooms  under  the  auspices  of  the  different  technical  conunittees,  as  follows: 

Iron  and  Steel  Committee 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 

fS.G.  Valentine,  Notes  on  Blast-Fumace  Operation  with  a  Turbo  Blower. 
(Discussed  by  J.  E.  Johnson,  Jr.,  J.  W.  Richards,  K.  Nibecker,  and 

Leonard  Waldo.) 

t  Held  for  publication  in  vol.  1. 
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t  A.  N.  Diehl,  Data  Pertaining  to  Gas  Cleaning  at  the  Duquesne  Blast 
Furnaces.  (Discussed  by  A.  E.  MacCoun,  F.  L.  Grammer,  J.  W. 
Richards.) 

t  Heinrich  J.  Freyn,  Notes  on  the  Utilization  of  Coke-Oven  and  Blast- 
Furnace  Gas  for  Power  Purposes.  (Discussed  by  Richard  Lamb, 
A.  E.  MacCoun,  J.  E.  Johnson,  Jr.,  and  Richard  Moldenke.) 

fC.  B.  Murray,  The  Need  of  Uniform  Methods  of  Sampling  Lake 
Superior  Iron  Ore.  (Discussed  by  William  Kelly,  and  R.  H.  Sweetser.) 
The  following  papers  were  read  by  title: 

fR.  W.  Hunt,  American  Steel-Rail  Situation. 

t  Sir  Robert  Hadfield,  Manganese-Steel  Rails.  (Discussed  by  W.  S. 
Potter  and  J.  W.  Richards.) 

t  Robert  M.  Keeney,  Pig  Steel  from  Ore  in  the  Electric  Furnace. 

t  Charles  K.  Leith,  Notes  on  Conservation  of  Lake  Superior  Iron  Ores. 

tSir  Robert  Hadfield,  Sound  Ingots. 

Committee  on  Mining  Law 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 

Horace  V.  Winchell,  Why  the  Mining  Laws  Should  be  Revised.  (Dis- 
cussed by  R.  W.  Raymond,  Hennen  Jennings,  Sidney  J.  Jennings, 
and  G.  0.  Smith.) 

Frederick  F.  Sharpless,  The  Segregation  and  Classification  of  the  Natural 
Resources  of  the  Public  Domain. 

Will  L.  Clark,  Location  of  Mining  Claims  upon  Indian  Reservations, 

E.  B^  Kirby,  Mining  Law  Revision — How  to  Obtain  It.     (Discussed  by 
H.  V.  Winchell,  J.  B.  Tyrrell,  R.  W.  Raymond,  Senator  T.  J.  Walsh, 
George  A.  Packard,  D.  M.  Riordan,  and  Hennen  Jennings.) 
The  following  papers  were  read  by  title : 

C.  L.  Colbum,  Uniform  Mining  Legislation  in  all  the  States  Based  on 
Federal  Act. 

George  W.  Riter,  Character  of  Title  that  Should  be  Granted  by  Govern- 
ment. 
At  4:30  P.M.  Samuel  A.  Taylor  gave  an  illustrated  address  on  The 

Mining  of  Bituminous  Coal. 

On  Thursday  morning,  Feb.  19,  simultaneous  sessions  were  held  in 

different  rooms,  under  the  auspices  of  the  different  technical  committees, 

as  follows: 

Committee  on  Mining  Geology 

The  following  questions  were  discussed: 
1.  To  what  depth  below  the  surface  do  the  standing  ground- waters 

t  Held  for  publication  in  vol.  1. 
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extend?  (Opened  with  a  paper  by  Alfred  C.  Lane  and  discussed  by 
J.  F.  Kemp,  F.  L.  Ransome,  T.  T.  Read,  L.  C.  Graton,  E.  C.  Bastin, 
and  J.  D.  Irving.) 

2.  To  what  extent  is  chalcocite  a  primary,  and  to  what  extent  a  secondary, 

mineral  in  ore  deposits?  (Discussed  by  L.  C.  Graton,  J.  D.  Irving, 
T.  T.  Read,  F.  L.  Ransome,  and  Waldemar  Lindgren.) 

3.  To  what  extent  are  the  contact  zones,  often  called  garnet  zones,  pro- 

duced by  intrusive  rocks  from  limestone  walls,  due  to  recrystalliza- 
tion  of  matter  original  with  the  limestones;  and  to  what  extent  are 
they  and  their  associated  ores  due  to  contributions  from  intrusive 
rocks?  (Opened  with  papers  by  Waldemar  Lindgren  and  C.  K. 
Leith  and  discussed  by  A.  C.  Lane,  J.  F.  Kemp,  and  J.  D.  Irving.) 

Committee  on  Petroleum  and  Gas 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 

W.  N.  Best,  Scientific  Installations  for  the  Economical  Burning  of 
Liquid  Fuel  of  Any  Specific  Gravity.  (Discussed  by  E.  H.  Hamil- 
ton, H.  O.  Hofman,  K.  Nibecker,  Leonard  Waldo,  and  E.  G.  Spilsbury.) 

George  Otis  Smith,  An  Oil-Land  Law.  (Discussed  by  Eugene  Coste, 
Hennen  Jennings,  and  Walter  0.  Snelling.) 

C.  W.  Washburne,  Chlorides  in  Oil-Field  Watiers.  (Discussed  by  Eugene 
Coste.) 

Hans  von  Hofer,  The  Origin  of  Petroleum.     (Discussed  by  A.  F.  Lucas, 
Eugene  Coste,  I.  N.  Knapp,  W.  C.  Phalen,  and  C.  W.  Washburne.) 
The  following  papers  were  read  by  title: 

H.  A.  Wheeler,  The  IlUnois  Oil  Fields. 

L.  W.  Page,  The  Use  of  Petroleum  in  Dust  Prevention  and  Road  Preser- 
vation. 

C.  D.  Keen,  The  Killing  of  the  Burning  Gas  WeU  in  the  Caddo  Oil 
Field,  Louisiana. 
On  Thursday  afternoon  simultaneous  sessions  were  held  in  different 

rooms,  under  the  auspices  of  the  different  technical  committees,  as 

follows: 

Committee  on  Petroleum  and  Gas 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 
Eugene  Coste,  Rock-Disturbances  Theory  of  Petroleum  Emanations  vs. 

the  Anticlinal  or  Structural  Theory  of  Petroleum  Accumulations. 
S.  Si  Wyer,  Is  it  Feasible  to  Make  Common  Carriers  of  Natural  Gas 

Transmission  Lines? 
Max  W.  Ball,  The  Placer  Law  as  Applied  to  Petroleum. 
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I..N.  Knapp,  Cementing  Oil  and  Gas  Wells. 
The  following  papers  were  read  by  title: 

Franklyn   iV.  Oatman,  Water  Intrusion  and  Methods  of  Prevention  in 
California  Oil  Fields. 

E.   T.   Dumble,   The  Age  and   Manner  of  Formation  of  Petroleum 
Deposits. 

Ralph  Arnold  and  V.  R.  Garfias,  Geology  and  Technology  of  the  Cali- 
fornia Oil  Fields. 

Alexander  Adiassevich,  The  Russian  Oil  Fields. 

John^R.  Edwards,  The  Maritime  Features  of  the  "Crude  Petroleum'^ 
Problem. 

William  B.  Phillips,  Fuel  Oil  in  the  Southwest. 

Papers  on  Miscellaneous  Subjects 

The  following  papers  were  read  by  their  authors  or  authors'  repre- 
sentatives: 
Carle  R.  Hay  ward,  The  Equilibrium  Diagram  of  the  System  Cu2S--NijS2. 

(Discussed  by  H.  0.  Hofman.) 
Robert  Linton,  Cyanidation  of  Silver  Sulphide  at  Ocampo,  Mexico. 

The  following  papers  were  read  by  title: 
H.  W.  Turner,  Nickel  Deposits  in  the  Urals. 
Alexander  Bowie,  The  Burning  of  Coal  Beds  in  Place. 
*  Herbert  Haas,  A  Proposed  New  Converter,  and  the  Application  of  the 

Bessemerizing  Process  to  the  Smelting  of  Ores. 
A.  C.  Boyle,  Jr.,  The  Geology  and  Ore  Deposits  of  the  Bully  Hill  Mining 
District,  California.     (Discussed  by  E.  G.  Spilsbury,  G.  A.  Packard, 
and  L.  C.  Graton.) 
At  4  P.M.  I.  N.  Knapp  delivered  an  illustrated  address  on  Oil  and  Gas 
Sands. 

*  Not  included  in  this  volume. 
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The  Mill  and  Metallurgical  Practice  of  the  Nipissing  Mining  Co.»  Ltd., 

Cobalt,  Ont.,  Canada 

BT  JAMES   JOHNSTON,   COBAI/T,   ONT.,   CANADA 
(New  York  Meeting,  February.  1914) 

Synopsis. — A  description  of  the  working  of  the  mills  of  this  company 
and  the  metallurgical  practice  in  vogue,  by  which  a  remarkably  complex 
silver  ore,  averaging  54  oz.  of  silver  per  ton  (run-of-mine  ore),  is  treated 
to  give  a  95.66  per  cent,  extraction. 

The  main  features  of  the  processes  are: 
The  cyanide  amalgamation  of  the  high-grade  ore. 
The  cyanide  treatment  of  the  low-grade  ore,  after  extremely  fine  grinding 

and  close  classification,  in  a  caustic  soda  solution. 
The  use  of  a  wet  desulphurizing  process  to  break  up  refractory  silver 

minerals. 
The  substitution  of  aluminum  dust  for  zinc  dust  as  a  precipitant. 
The  recovery  and  shipment  of  over  13,000,000  oz.  of  silver  in  bullion  at 

997  to  999  fine  since  this  metallurgy  was  inaugurated,  about  2.5 

years  ago. 

On  the  completion  and  successful  operation  of  the  mill  to  treat  their 
high-grade  ore,^  the  Nipissing  Mining  Co.,  under  the  general  manage- 
ment of  R.  B.  Watson,  started  a  series  of  investigations  of  the  possible 
treatment  of  the  low-grade  ore  by  the  cyanide  process,  so  that  they  would 
be  in  a  position  to  market  only  silver  bullion.  These  tests  were  run  in 
July,  1911,  on  a  large  scale,  by  G.  H.  Clevenger,  on  an  average  mixture 
of  Nipissing  ore.  The  results  obtained  by  a  partial  amalgamation  fol- 
lowed by  cyanide  treatment  gave  an  extraction  varying  from  90  to  93 
per  cent,  and  were  sufficiently  encouraging  to  warrant  Charles  Butters, 
the  company's  Consulting  Metallurgist,  in  recommending  that  the  new 
low-grade  ore  mill  under  contemplation  should  be  a  cyanide  mill,  instead 
of  a  concentrator.  The  cost  of  such  a  mill,  capable  of  treating  200  tons 
per  day,  to  obtain  a  90  per  cent,  extraction  at  a  working  cost  of  $3  per 
ton  of  ore  treated,  was  estimated  at  $250,000. 

In  coming  to  a  decision  as  to  which  type  of  mill  should  be  erected,  the 
concentrator,  with  the  subsequent  s&lpplng  of  concentrates  to  a  smeltery, 

^  R.  B.  Watson:  Nipissing  High-grade  Ore  MiU,  Cobalt,  Engineering  and  Mining 
Journal,  vol.  xciv,  No.  23,  p.  1077  (Deo.  7, 1912).     See  Fig.  4  of  this  paper. 
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was  compared  with  what  could  be  done  in  a  cyanide  mill  shipping  silver 
bullion  999  fine. 

Comparison  of  MiUs  Treating  200  Tons  Per  Day 

Commercial  assay  of  ore 30.99  os. 

Correction  on  pulp 1 .  10  os. 


$13.35 


Corrected  assay 

Concentration  Mill  to  give  an  80  per  cent. 

extraction.    Approximate  cost, 

$160,000 
80  per  cent.X32.09  oz.a 

25.67  oz.  at  52  c.  -> 

Working  costs  = $1 .25 

Marketing  concentrates, 

10  per  cent 1.33 

Difference-  between  cor- 
rected and  commercial 

assay  on  concentrates 

=2  per  cent 0.27        2.85 


Profit  per  ton $10.50 


32.09  OS. 

Cyanide  Mill  to  give  a  90  per  cent,  extrac- 
tion.   Approximate  cost,  $250,000 

90  per  cent.  X32.09  oz. « 
28.88  at  52  c.  plus  i% 
c.  increase  price  in  mar- 
keting « $15.16 

Working  costs  = $3.00 

Express  on  bullion,  $3.50 
per  cwt.  b23  c.  per  oz. 
on  28.88  oz.  = 0.07        3.07 


Profit  per  ton $12.09 


Profit  per  ton  from  cyanide  mill $12.09 

Profit  per  ton  from  concentration  mill 10.50 


Profit  in  favor  of  cyanide  mill,  per  ton  of  ore  treated $1 .  59 

Thus  it  will  be  seen  that  a  cyanide  mill  after  having  treated  56,600 
tons  (283  days'  run)  would  have  reimbursed  the  company  for  the  extra 
$90,000  required  for  its  construction,  providing  it  were  possible  to  obtain 
these  results. 

The  actual  results  which  are  now  being  obtained  in  the  cyanide  mill 
are  as  follows: 

Cost  of  construction $254,839.52 

Extraction  on  a  26-oz.  ore,  per  cent 92  to  93 

Working  costs,  per  ton,  less  than $3.00 

Tonnage  treated  per  day 244 

The  above  figures  prove  conclusively  that  the  results  obtained  in  the 
preliminary  experiments  have  been  more  than  borne  out  in  actual  prac- 
tice, thus  fully  justifying  the  adoption  of  this  type  of  treatment. 

The  cyanide  mill  has  an  additional  advantage  over  the  concentrator, 
in  that  it  is  able  to  get  an  extraction  of  over  90  per  cent,  on  the  arsenic- 
antimony-silver  combinations  and  on  decomposed  silver  minerals  found 
in  some  veins,  on  which  concentrators  can  make  only  a  poor  saving. 

While  the  construction  of  the  mill  was  in  progress  further  experi- 
mental work  was  being  proceeded  with  in  the  expectation  of  simplifying 
and  bettering  the  process  as  it  was  then  known,  and  to  more  fully  appre- 
ciate and  overcome  the  di£5iculties  that  others  had  experienced  in  their 


MILL  AND  PBACnCB  OF  THB  NIPI8SINO  MINING  CO.  5 

unsuccessful  attempts  to  make  the  Cobalt  ores  amenable  to  an  all*cyanide 
treatment.    Some  of  these  results  have  been  ably  recorded  by  J.  J. 
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Fig.  1. — Flow  Sheet  of  Nifissino  Mining  Co.'s  Mills. 

Denny.  ^    In  regard  to  the  difficulties  experienced  elsewhere  by  the  foul- 
ing of  the  cyanide  solutions  where  zinc  dust  was  used  as  a  means  of  pre- 


*  MiminQ  and  ScUnUfic  Prus,  vol.  cvii.  No.  13,  p.  484  (Sept.  27, 1913). 
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cipitfttion,  E.  M.  Hamilton'  fully  records  the  conclusiona  that  led  up 
to  the  adoptioD  of  alumiDum  dust  in  tbia  mill. 

A  mill  with  a  proposed  capacity  of  200  tons  per  day  was  deagned  by 
Mr.  Butters  and  myself,  and  provision  was  made  in  the  plan  so  that  any 


w 


change  could  be  made  during  construction  should  the  results  on  the  fur- 
ther experimental  work  which  Mr.  Butters  had  suggested  indicate  that 
everythii^  could  be  treated  by  an  all-cyanide  process.     The  experience 

*  Engineering  and  Mining  JoumoJ,  vol.  xcr,  No.  IS,  p.  935  (May  10, 1913). 
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gained  from  these  tests  resulted  in  modifications  of  the  plans  and  flow 
sheet  before  the  erection  was  completed,  so  as  to  introduce  into  the  treat- 
ment the  aluminum  dust  precipitation  and  the  desulphurizing  i»:ocess. 

Briefly,  the  mill  practice  is  as  follows: 
Crushing  the  ore  to  3  in.  in  gyratory  crushers  before  sending  it  to  washing 

plant. 
Hand  picking  and  jigging  of  the  high-grade  ore  in  the  washing  plant, 

which  is  then  sent  to  high-grade  ore  mill. 
Discards  from  washing  plant,  known  as  low-grade  ore,  crushed  to  1.5-in. 

mesh  and  sent  to  battery. 
Crushing  in  battery  and  tube  nulls  in  a  caustic  soda  solution  to  all 

slinies. 
Collecting  slimes  and  desulphurizing  in  tube  mill  and  vat. 
Dewatering  slimes  and  transferring  to  vats  for  cyanide  treatment. 
Altering  slimes  and  discharging  to  waste  dump. 
Cyanide  solution  from  slime  treatment  vats  and  filters  going  to  aluminum 

dust  precipitation. 
Aluminum  dust  precipitate  taken  to  refinery,  melted,  and  refined  to 

silver  bullion  at  997  to  999  fine. 

The  flow  sheet  of  the  process  is  shown  in  Fig.  1,  and  the  low-grade 
ore  mill  is  shown  in  plan  and  section  in  Fig.  2. 

The  mill  site  is  on  practically  the  highest  point  of  Nipisfling  hill  and 
is  80  located  that  easy  tram-line  conununication  can  be  made  between 
any  point  on  the  company's  properly  and  the  mill.  Ample  dump 
capacity  for  residues  is  provided  below  the  mill. 

ExcavationB 

Excavation  was  started  in  November,  1911,  and  the  following  data 
give  the  cost  for  soil  and  rock  work.    The  figures  given  are  fair  averages. 

Soil  Work  on  Tank-Floor  Levd,  2,404  Cu.  yd. 

Labor $1,369.00 

Sundry  supplies 50.76 

Teaming 6.03 

Blacksmith's  shop 17.60 

Total $1,462.39 -$0,604  per  cu.  yd. 

Rock  Work  on  Same  Floor,  3,144  Cu.  yd. 

Labor $6,639.00 

Sundry  sui>plie8 123 .62 

Explosives." 279.41 

Blacksmith's  shop 102.76 

Air:  Drills 1,196.32 

Hauling  rock  to  dump 1,603.68 

Lumber 26.60 

Total $8,770. 18 -$2.79  per  cu.  yd. 
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'  Soil  work  on  other  grades  cost  $0.41  per  cubic  yard,  and  rock  work 
$1.48  per  cubic  yard. 

Foundations 

The  walls  for  buildings  and  machinery  foundations  are  of  concrete. 
The  crushing  and  mixing  plant  was  located  on  a  level  above  the  upper- 
most floor  and  from  there  the  concrete  was  transferred  by  chutes  and 
cars  into  the  various  foundation  forms,  the  necessary  machinery  being 
driven  by  compressed  air.  A  mixture  of  1  of  cement,  3  of  sand,  and  5  of 
stone,  together  with  the  addition  of  all  the  large  stone  the  concrete 
could  take  as  it  lay  in  place  in  the  forms,  was  used  generally  throughout 
the  foundations,  with  the  exception  of  battery,  tube  mill,  and  other 
machinery  foundations  which  are  subject  to  much  vibration;  for  these, 
the  upper  1  or  2  ft.  of  the  foundation  was  strengthened  by  the  addition 
of  more  cement.    The  following  are  representative  costs: 

Battery  Foundation  and  Walls  for  the  Building  and  Ore  Bins 

Battery  block  ^846  ou.  yd.  concrete 

Buflding  and  walls  ^349  cu.  yd.  concrete 

Total 1,195  cu.  yd.,  used  945  bbl.  cement 

Labor $2,669.48 

Supplies 3,735.33 

Lumber ^ 246.57 

Carpenter  shop  labor 790.36 

Machine  shop  labor 87.78 

Teaming. 139.34 

Pud 12.85 

Air  for  operating  machinery 400.00 


Total $8,082.21  "16.76  per  cu.  yd. 

Retaining  Walls  and  Sundry  SmaU  Walls  and  Foundations  on  Tank- 
Floor  Level 

434  cu.  yd.,  used  485  bbl.  cement 

Labor $1,646.57 

Supplies 2,152.52 

Lumber 337.76 

Carpenter  shop  labor 1,180.05 

Machine  shop  labor 26.09 

Teaming 26.33 

Fuel 12.85 

Air  for  operating  machinery 300.00 

Total $5,681. 17-$13.09  per  cu.  yd. 
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Cement  waa  shipped  to  the  mill  in  bogs,  four  to  a  barrel,  the  total 
consumption  being  3,355  bbl.  at  an  average  cost  of  $2.06  per  barrel. 

The  various  forms  for  concrete  foundations,  etc.,  around  the  mill 
made  use  of  26,339  ft.  B.M.  of  1-in.  boarding  and  20,771  ft.  B.M.  of 


other  mzes  of  lumber,  part  of  which  when  taken  down  was  made  use  of 
for  other  purposes. 

The  MiU  Building 
The  mill  building  is  constructed  of  wood  framing  covered  with  l-in. 
boarding,  building  paper,  and  corrugated  iron,  so  as  to  make  a  warm 


building  for  winter  service.    There  was  used  in  its  construction  398,601 
ft  B.M.  of  lumber,  of  which  148,250  ft.  B.M.  was  1-in.  boarding.    The 
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total  lumber  used  in  the  whole  mill  was  1,199,206  ft.  B.M.,  at  a  value 
of  $23,731.33.  Fig.  3  is  a  photographic  view  of  the  low-grade  ore  mill. 
The  high-grade  ore  mill  is  shown  in  Fig.  4. 

The  following  statements  cover  the  complete  cost  of  the  construction 
of  the  mill.  These  accounts  were  closed  about  three  months  after  the 
mill  went  into  operation,  so  that  all  the  adjustments  made  necessary 
after  the  starting  of  a  mill  in  which  some  new  departures  in  metallurgy 
are  being  exploited  are  included  in  these  total  costs. 

The  original  estimated  cost  of  this  section  of  the  mill  as  enimierated 
in  the  following  list  of  departments  was  made  in  October,  1911,  a^nd 
totaled  $250,000. 


Cost  of  Construction  of  the  Low-Grade  Ore  Mill  {Crushing  and  Cyanide 

Section) 


Departments  Cost  to  Jao.  31,  1913 

Store  and  office  buildings $725 .65 

Proportion  office  and  supervision  during  construction 6,652.97 

Excavations 29,728.30 

Foundations 20,159.39 

Buildings  over  mill 24.618.99 

Battery  equipment 24,241 .42 

Battery  equipment,  proportion  electrical  equipment 5,267.38 

Tube  mills  and  classifiers 23,223.80 

Tube  mUls  and  classifiers,  proportion  electrical  equipment 12,091 .  02 

Slime  treatment  and  storages 31,519.84 

Slime  treatment  and  storages,  proportion  electrical  equipment 4,477.26 

Cyanide  filter  plant 14,154.92 

Cyanide  filter  plant,  proportion  electrical  equipment 3,040.71 

Piping,  pumps,  etc 12,886. 19 

Precipitation 9,989.23 

Precipitation,  proportion  electrical  equipment 239.42 

Heating  plant 12,333.70 

Water  service 5,288.57 

Water  service,  proportion  electrical  equipment 1,028. 13 

$241,666.89 
To  this  cost  was  added  later  the  installation  of  the  intermediate  filtering 

and  desulphurizing  equipment,  not  included  in  original  estimate 13,172 .  63 


Total  cost  of  miU $254,839.52 

Other  construction  mill  work  tmdertaken  at  the  same  time  and  which 
would  have  been  common  to  either  a  cyanide  mill  or  a  concentrator  is 
as  follows: 
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«  

Tram  Lines,  Washing  Plant,  Etc.,  Section 

Departments  Cost  to  Jan.  31,  1913 

Crushing,  sorting,  and  jigging $25,836.64 

Crushing,  sorting,  and  jigging,  proportion  electrical  equipment 2,274 .  55 

Meyer  crushing  section 5,945 .  98 

Tram  lines,  aerial 18,299.06 

Tram  lines,  Kendall 6,499.61 

Fudng  roads 4,386.02 

Workshops 4,813.14 

Proportion  office  and  supervision  during  construction 1,756.26 

Total  ooet 169,811  25 

All  the  ore  from  the  various  workings  is  delivered  into  the  washing 
plant  ore  bins  after  it  has  been  crushed  to  3  in.  in  gyratory  crushers. 
The  ore  from  the  northwest  side  of  Cobalt  lake  is  brought  over  in  a  Blei- 
chert  aerial  tram  line  3,560  ft.  long,  with  a  rise  in  elevation  between  the 
loading  and  unloading  stations  of  172  ft.,  the  longest  span  being  1,080 
ft.,  the  distance  across  the  lake.  The  tram  line  runs  at  500  ft.  per  minute 
and  delivers  110  six  cu.  ft.  buckets,  equal  to  about  35  tons,  per  hour, 
requiring  10  h.p.  to  operate  it. 

The  ore  from  the  workings  on  the  mill  side  of  the  property  is  delivered 
by  surface  tram  lines. 

Washing  Plant 

There  are  four  ore  bins,  each  of  80  tons  capacity,  in  this  part  of  the 
mill,  so  arranged  that  all  one  class  or  several  classes  of  ore  may  be  sent 
to  be  milled,  as  conditions  may  require.  The  ore  from  the  bins  is  loaded 
into  a  20  cu.  ft.  car  and  passed  over  a  Fairbanks  registering  scale,  where 
the  record  is  made  of  the  total  weight  of  ore  delivered  to  the  mill.  It  is 
then  fed  through  a  40  in.  diameter  by  10  ft.  long  washing  trommel,  run- 
ning at  14  rev.  per  minute,  the  screen  portion  of  which  is  arranged  with 
holes  1.5  in.  in  diameter.  The  coarse  ore  from  the  screen  falls  on  to  a 
30  in.  wide  picking  belt,  from  which  the  hand-picked  portion  of  the  high- 
grade  ore  is  sorted,  the  low-grade  portion  on  the  belt  being  conveyed 
and  delivered  to  the  crusher,  where  it  is  broken  to  1.5  in.  before  passing 
into  the  battery  ore  bin.  The  ore  screened  through  the  trommel  flows 
to  a  washing  trommel  30  in.  in  diameter  by  6  ft.  long  running  at  20  rev. 
per  minute,  equipped  with  0.5-in.  round-hole  screen,  the  oversize  from 
which  goes  to  two  jigs,  fitted  with  rolled-slot  screen,  width  of  slot  0.115 
in.;  here  the  first  jig  portion  of  the  high-grade  ore  is  collected. 

The  undersize  from  this  last  trommel  is  conveyed  to  another  trom- 
mel, 36  in.  in  diameter  by  9  ft.  long,  running  at  20  rev.  per  minute, 
equipped  with  3-nmi.  round-hole  screens,  and  from  here  the  discards  go 
to  two  jigs,  fitted  with  roUed-slot  screen,  width  of  slot  0.040  in. ;  here  the 
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second  jig  portion  of  the  high-grade  ore  is  obtained.  The  undersize 
from  this  last  trommel,  together  with  the  discards  from  the  four  jigs, 
is  elevated  to  a  dewatering  trommelj  30  in.  in  diameter  by  6  ft.  long, 
fitted  with  3-mesh  wire  cloth  screen.  From  this  dewatering  tronmiel 
the  oversize  joins  that  portion  of  the  ore  from  the  picking  belt  which  is 
destined  for  the  battery,  while  the  underaze  after  dewatering  is  sent 
direct  to  join  the  pulp  from  the  battery  as  it  goes  to  the  tube  mills.  This 
portion  of  the  ore,  representing  from  10  to  15  per  cent.,  is  the  original 
fines  as  they  come  from « the  mine  together  with  some  which  may  have 
been  produced  in  the  preliminary  stages  of  crushing,  and  the  by-passing 
of  it  around  the  battery  in  this  manner  has  very  successfully  and  materi- 
ally assisted  the  battery  work.  The  water  used  in  the  washing  plant  is 
kept  continually  in  circulation  by  a  4-in.  diameter  centrifugal  slime  pump, 
a  few  pounds  of  lime  being  added  to  the  water  every  day  to  aid  the 
settlement  of  slimes,  these  being  collected  in  two  12-ft.  diameter  by  6  ft. 
vats,  where  after  settlement  they  flow  to  tube  mill  pulp.  The  power  neces- 
sary to  operate  this  plant  is  35  kw.  for  9  hr.,  during  which  time  from  300 
to  350  tons  is  handled. 

This  part  of  the  operations  followed  closqly  along  the  line  of  previous 
sorting  and  jigging  practice  worked  by  the  company  and  owes  much  of 
its  success  to  H.  A.  Kee  and  his  experience  in  this  work. 

The  high-grade  ore,  which  is  sorted  out  in  this  part  of  the  mill,  varies 
considerably  in  quantity  and  grade,  but  an  average  recovery  is  as  follows, 
per  100  tons  treated: 

Tom  ^r*^  ^^^ 

Os.  per  Ton 

Hand-picked  ore 0.662  2,803 

First  jigs 0.266  2;496 

Second  jifips 0.138  2,200 

1.065  2,648.47 

This  ore  is  sent  to  the  high-grade  ore  mill,  where  it  is  treated  by  the 
cyanide  amalgamation  process  described  in  R.  B.  Watson's  article,  a 
recovery  of  97  per  cent,  being  obtained  by  amalgamation,  and  a  further 
2  per  cent,  by  cyaniding,  or  a  total  recovery  of  99  per  cent,  from  a  2,648.47- 
oz.  silver  ore.  The  residues,  which  contain  from  8  to  9  per  cent,  of  cobalt, 
are  afterward  sold  for  the  value  of  this  metal  and  85  per  cent,  of  the  silver 
contents,  so  that  from  an  ore  of  the  above  original  head  value,  only  about 
4  oz.  of  the  silver  value  is  not  paid  for. 

The  ore  after  being  crushed  to  1.5  in.  in  a  No.  4  gyratory  crusher  is 
transferred  on  a  20-in.  belt  conveyor  into  the  mill  building,  then  elevated 
by  a  16-in.  bucket  elevator  into  the  battery  ore  bin,  which  has  a  capacity 
of  780  tons.  The  ore  is  fed  from  the  bin  into  the  mortars  by  suspended 
Nelson  feeders. 
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Battery 

The  mortar-block  foundation,  consisting  of  846  cu.  yd.,  is  of  concrete, 
81  ft.  long  by  6  ft.  wide  on  top,  with  the  anchor  bolts  set  in  on  an  incline,, 
and  facilities  are  arranged  for  dropping  the  bolts  so  that  a  mortar  may  be 
easily  removed.  The  battery  posts  are  12  by  26  in.  and  24  by  26  in., 
set  in  cast-iron  shoes,  rubber  0.25  in.  thick  being  plletced  between  shoes 
and  concrete.  The  mortars  are  Fraser  &  Chalmers  No.  161  type  for 
rapid  discharge;  they  weigh  with  steel  liners  12,410  lb.  each,  and  have 
rubber  0.25  in.  thick  placed  between  them  and  concrete. 

There  are  forty  1,500-lb.  stamps,  arranged  five  to  each  cam  shaft, 
and  the  order  of  drop  is  1,  3,  5,  2,  4,  with  a  set  height  of  8  in.  at  96  drops 
per  minute.  The  cam  shaft  is  a  7  in.  diameter  Blanton  fluted  type  and 
the  stems  are  4  in.  in  diameter.  The  height  of  discharge  is  maintained 
at  1  in.  above  the  level  of  the  dies. 

The  stamps  when  new  are  made  up  as  follows: 

Pounds 

Swedish  iron  stem,  4  in.  diameter  by  16  ft.  long 681 

Cast-steel  tappet,  lOi  by  14  in.,  keys  and  gib 190 

Cast-steel  head,  9 . 5  in.  diameter  by  24  in.  long 412 

Forged  chrome-steel  shoe,  8i  by  12  in.  long 254 

1,637 

Each  battery  of  10  stamps  is  driven  by  a  40-h.p.  motor  running  at 
576  rev.  per  minute.  The  motor  is  placed  directly  under  the  ore  bin  and 
drives  with  a  12  in.  wide  rubber  belt  to  the  counter  shaft  placed  below 
the  feeder  and  mortar  floor.  This  counter  shaft  runs  at  113  rev.  per 
minute  and  is  placed  at  11  ft.  7  in.  centers  from  the  motor.  Drive  from 
counter  shaft  to  cam  shaft  is  by  a  12  in.  wide  8-ply  belt  to  a  6  ft.  diameter 
cam  shaft  pulley.  The  operation  of  the  various  battery  motors  is  con- 
trolled by  individual  switchboards  arranged  side  by  ade,  under  the 
battery  ore  bins. 

The  battery  screens  are  18  in.  deep  and  are  made  of  crucible  cast 
high-carbon  steel,  double-crimped,  wire  cloth.  This  quality  of  screen 
has  been  in  operation  now  for  three  months,  and  the  screens  show  prac- 
tically no  signs  of  wear. 

Chilled  cast-iron  liners  1  in.  thick  in  the  mortars  last  but  30  days, 
while  manganese-steel  liners  last  as  long  as  165  days.  Life  of  shoes  is 
106  days,  equal  to  703.5  ton-days,  dies  being  good  for  130  days,  equal 
to  871  ton-days. 

The  power  necessary  to  drive  each  10  stamps  is  23  kw. 

A  dilution  of  about  7  of  solution  to  1  of  ore  gives  the  best  results  in 
the  mortars  while  crushing. 

The  battery  feed  vat  is  20  ft.  in  diameter  by  15  ft.  deep,  containing 
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147  tons  of  solution,  and  the  underside  of  the  vat  is  located  8'  ft.  6  in. 
above  the  top  of  the  mortar.  The  main  pipe  installed  between  vat  and 
batteries  is  6  in.  in  diameter,  and  flanged  connections  .are  used  between 
pipes,  fittings,  and  valves  to  enable  the  easy  cleaning  of  pipes. 

On  account  of  the  preliminary  desulphurizing  treatment  which  is 
given  to  the  ore  before  cyaniding,  it  is  necessary  to  crush  the  ore  in  the 
battery  in  a  0.25  per  cent,  caustic  soda  solution,  with  no  cyanide  in  it, 
5  lb.  of  lime  being  added  to  every  ton  of  ore  as  it  is  placed  in  the  battery 
ore  bin,  as  being  necessary  for  the  settlement  of  the  slime  in  the  collect- 
ing vats,  enabling  a  clean  solution  to  be  returned  for  recrushing  and  classi- 
fication purposes. 

The  Cobalt  ores  are  extremely  hard  and  tough  and  the  following  table 
gives  some  results  on  crushing  and  screening  capacity: 

Battery  Screens  and  Crushing  Duty 


Stamps  in 
Operation 

Mesh  per 
Inch 

Size  of  Wire 
Inch 

Aperture 
Inch 

StampDuty  per 
24  hr.    Tons 

Early  Practice 

20 
20 

8  by  8 
4  by  4 

0.048 
0.072 

Present  Practice 

0.077 
0.178 

5.7 

20 
20 

3  by  3 
2  by  2 

! 

0.072 

0.092 

n  Pulp  Grading 
+100         +150 

5.93          1.93 

0.261 
0.408 

1 

1 

6.7 

+8 
25.1 

H 
2< 

Scree 
-20            +60 

».8          17.80 

Mesh 

+200 

Si 
1.65          A 

-200 
Bunds 
L28 

-200 
Slinies 
12.43 

Classification  and  Fine  Grinding 

The  importance  of  extremely  fine  grinding  was  clearly  demonstrated 
in  the  early  experiments,  and  further  experimental  work  confirmed  this. 
The  grinding  was  then  considered  on  the  basis  that  all  the  ore,  metallic 
silver  included,  had  to  be  ground  to  pass  a  200-mesh  screen;  then  this 
product  had  to  be  classified  to  take  out  the  —200  mesh  sands  for  regrind- 
ing  and  further  classification,  until  there  remained  only  about  15  to  20 
per  cent,  sand,  much  finer  than  —200  mesh,  in  the  product  delivered  to 
the  cyanide  plant. 
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Tbo  need  for  an  accurate  method  to  detennine  the  percentage  and 
grading  of  these  sands  and  slimes  was  soon  apparent  and  resulted  in  the 
proviaioD  of  a  small  system  of  cone  clasufication  to  replace  the  earlier 
practice  of  hand^panning.  Three  tin  cones,  respectively  6.5  in.,  7  in., 
and  10.5  in.  in  diameter  at  the  top,  were  arranged  in  series  for  these  tests, 
with  a  water  dilution  vat  8  in.  in  diameter  by  8.5  in.  deep  located  to  give 
a  6-m.  head.  The  pulp  to  be  tested  is  slowly  fed  into  the  first  and  smallest 
of  this  series  of  cones  and  the  different  grades  of  sanda  and  slimes  are 
recovered  from  each  cone.  This  device  shown  in  Fig.  6,  works  fairly 
accurately,  so  two  of  them  were  installed;  thus  a  constant  check''could  be 
kept  on  this  work,  as  ihe  final  residues  from  the  cyanide  plant  almost 
invariably  rise  or  fall  according  to  the  efficiency  of  the  grindii^. 


Fio.  5.- 

Aa  an  instance  of  this,  when  a  grading  test  of  the  mill  pulp  ddivered 
to  the  cyanide  plant  shows  3  to  4  per  cent.  +200  mesh  and  30  to  35  per 
cent,  sands  in  —200  mesh,  the  final  residue  after  cyanide  treatment  will  be 
about  3.50  to  5.00  oz.  of  silver  per  ton.  When  a  grading  test  of  the  pulp 
shows  0.5  to  1.0  per  cent.  +200  mesh  and  15.0  to  20.0  per  cent  sands 
in  —200  mesh,  the  final  residue  after  cyanide  treatment  will  be  under 
2  OS.  of  mlver  per  ton  of  ore. 

The  necessity  for  such  fine  grinding  of  the  ore  accounts  for  the  large 
tube  mill  and  classifier  edacity  as  compared  with  the  number  of  stamps 
operating.  The  clasedfication  is  obt^ned  in  one  dr^  classifier  and  six 
Dorr  duplex  classifiers,  the  slime-overflow  lips  of  which  were  raised  5 
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in.  to  give  more  opportunity  for  the  settlement  of  the  —200  mesh  sands, 
and  prevent  them  from  being  carried  over  with  the  fine  slimes  as  they- 
overflow  to  the  cyanide  plant. 

Tvbe  MiUs 

The  four  tube  mills  are  6  ft.  in  diameter  by  20  ft.  long,  with  feed- 
and  dischaige-end  bearings  20  in.  in  diameter  by  18  in.  long.  The  feed- 
end  bearing  or  gudgeon  is  fitted  with  a  removable,  hard  iron,  spiral- 
grooved  liner  9  in.  in  inside  diameter,  and  to  the  outside  is  fastened  the 
feeding  device,  consisting  of  a  cast-iron  spiral  scoop,  the  inside  dimensions 
of  which  are  6  by  6  in.  This  scoop  picks  up  from  a  wooden  box  the  pulp 
which  is  to  be  fed  into  the  mill.  The  discharge-end  gudgeon  has  a  chilled 
cast-iron  screen  with  0.5  in.  diameter  holes  in  it  to  retain  the  pebbles 
inside  the  mill.  The  shell  of  the  mill  is  tV  in-  thick,  and  Silex  bricks 
4  in.  thick  are  used  for  inside  lining.  There  are  two  18  by  18  in.  man- 
holes. The  mills  run  at  25  rev.  per  minute  and  are  driven  by  pinion  and 
spur  gears  of  100  and  15  teeth,  3.5  in.  pitch  and  12  in.  face,  from  a  counter 
shaft  to  which  the  96  in.  diameter  by  19  in.  face  driving  pulley  is  con- 
nected through  a  quill  and  friction  clutch.  The  weight  of  the  shell  of 
the  mill  is  9,650  lb.  The  weight  of  the  two  cast-steel  heads,  If  in. 
thick,  is  12,000  lb.    The  total  weight  of  each  mill  is  45,375  lb. 

The  mills  are  arranged  parallel  to  each  other  and  at  right  angles  to 
the  battery,  the  driving,  shafting,  and  gears  being  arranged  at  the  feed 
end  of  the  mill.  Each  mill  is  driven  by  a  125-h.p.  motor,  running  at  580 
rev.  per  minute,  the  motor  pulley  being  28  in.  in  diameter  and  19  in.  face 
and  driving  to  the  96  in.  diameter  pulley  on  the  counter  shaft. 

Two  of  the  mills  with  their  motors  are  located  at  19  ft.  4  in.  centers 
and  the  other  two  at  24  ft.  4  in.  centers,  the  drive  being  transmitted 
through  18  in.  wide  eight-ply  endless  stitched  rubber  belting. 

This  system  of  driving  has  been  very  satisfactory,  none  of  the  belts 
after  12  months'  continuous  service  having  yet  been  cut  or  spliced.  The 
power  necessary  to  drive  each  mill  is  85  kw.  when  they  are  carrying  a 
pebble  load  about  2  to  3  in.  above  the  center  of  the  mill.  The  mills 
operate  in  a  closed  circuit,  two  of  them  taking  the  classified  pulp  from  the 
battery  and  the  other  two  taking  the  classified  fine  sands  for  regrinding. 

The  two  coarse-grinding  tube  mills  are  charged  with  fiint  pebbles 
and  a  hard-ore  pebble,  selected  from  the  hardest  portion  of  the  run-of- 
mine  ore,  and  the  average  consumption  of  pebbles  in  these  two  mills  per 
ton  of  ore  crushed  is  about  1.8  lb.  flint  pebbles  plus  2.0  lb.  of  ore  pebbles. 
The  two  fine-grinding  tube  mills  are  charged  with  only  flint  pebbles  and 
the  average  consumption  of  pebbles  in  them  per  total  ton  of  ore  crushed 
is  about  4.3  lb.,  thus  giving  a  total  flint  pebble  consumption  of  6.1  lb. 
plus  2  lb.  of  ore  pebbles. 
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The  best  grinding  efficiency  is  obtained  in  ail  mills  when  the  pulp 
carries  about  40  per  cent,  of  solution. 

The  following  data  give  the  particulars  of  the  feed  and  discharge  of 
the  mills  when  operating  on  the  basis  of  244  tons  per  day: 


Two  Tube  Mills  on  Coarse  Grinding  fed  by  four 
Duplex  Dorr  Classifiers,  each  Classifier  hand* 
ling  about  61  Tons  in  24  Hr. 


Two  Tube  Mills  on  Regrinding 

fed  by  two  Duplex  Dorr 

Classifiers  and  1  Drag 

Classifier 


No.  3  MiU. 


Mesh 


Head  Sam- 
ple or  Feed 
to  MiU 


Tail  Sam- 
ple or 
Discharge 


No.  2  MiU 


No.  1  MiU 


Head 
Sample 


Tail    , 
Sample 


Head 
Sample 


TaU 


No.  4  MiU 


Head  I    Tail 


Sample  Sample!  Sample 


+20 

40 

60 

80 

100 

120 

150 

+200 

-200 

Sand 

-200 

Slime 


Per 

Per 

Cent. 

Cent. 

67.02 

6.8 

14.7 

6.68 

5.17 

6.04 

4.26 

6.24 

4.73 

9.2 

3.48 

7.6 

0.30 

0.40 

3.44 

6.86 

6.21 

19.30 

1.67 


Totals' 


32.18 


99.98 


99.20 


Per 

Cent. 

58.89 

14.74 

6.82 

4.19 

4.10 

2.47 

0.27 

1.43 

6.28 

1.58 


1 

Per 

Per 

Per 

Per 

Cent.  1 

Cent. 

Cent. 

Cent. 

2.90 

2.12 

0.4 

4.46 

4.96 

1.90 

0.92 

3.86 

7.6 

2.44 

1.00 

5.38 

8.96 

5.06 

7.77 

6.60 

11.32 

12.06 

2.74 

11.34 

6.96 

11.14 

6.46 

2.40 

6.0 

1.42 

0.4 

3.92 

8.9 

18.40 

12.90 

18.0 

18.11 

41.19 

38.27 

39.94 

24.73 

1 

3.11 

28.23 

3.02 

99.44 

1 

98.84 

99.09 

98.92 

Per 

Cent. 

1.44 

0.70 

1.56 

3.80 

10.40 

9.80 

0.62 

4.38 

38.44 

28.16 


99.30 


The  battery  pulp  is  conveyed  to  and  classified  in  the  first  set  of  four 
classifiers,  the  slimes  overflowing  direct  to  the  slime  collecting  tanks  in 
the  cyanicie  plant,  and  the  oversize  from  all  four  is  delivered  into  the 
two  coarse-grinding  tube  mills.  The  table  shows  the  grading  of  the 
product  fed  into  these  mills. 

The  discharge  from  the  coarse-grinding  tube  mills  flows  into  the 
second  set  of  two  Dorr  classifiers,  where  it  is  again  separated  into 
slimes  and  sands;  the  slimes  overflow  into  the  same  slime  collecting  tanks 
and  the  sands  are  elevated  to  the  two  fine-grinding  tube  mills.  The 
table  shows  the  grading  tests  of  these  mills. 

The  discharge  from  the  fine-grinding  tube  mills  flows  into  the  drag 
classifier  and  the  above  set  of  two  Dorr  classifiers;  the  slimes  overflow 
to  collecting  tanks  and  the  sands  are  returned  for  further  fine  grinding. 

voii.  xi<ym. — 2 
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In  this  system  all  sands  and  metallic  silver  are  kept  in  a  closed  circuit 
until  they  have  been  ground  fine  enough  to  overflow  the  weirs  of  the 
classifiers,  and  on  account  of  the  fine  product  desired,  the  weirs  were 
raised  and  the  capacity  of  these  standard  classifiers  was  very  much  re- 
duced, so  as  to  give  more  opportunity  for  settlement. 

The  best  classification  is  obtained  when  working  with  a  dilution  of 
about  8  of  solution  to  1  of  ore,  and  frequent  sampling  of  the  slime  over- 
flow is  necessary  to  insure  that  not  overmuch  fine  sands  are  passed  over 
to  the  collecting  tanks. 

Tonnage  and  Values 

All  the  ore  is  weighed  into  the  mill  over  a  Fairbanks  roistering  scale, 
a  simple  and  effective  method  of  obtaining  the  tonnage.  These  weights 
are  then  checked  against  the  usual  method  of  specific  gravity  tonnage 
determination  made  in  the. slime  plant,  and  after  a  seven  months'  mill 
run  there  was  a  variation  of  only  one-eighth  of  1  per  cent,  in  favor  of 
the  specific  gravity  tonnage. 

Many  moisture  determinations  have  been  made  on  a  large  scale  on 
the  ore  as  it  comes  into  the  mill  and  the  average  shows  1.5  per  cent,  of 
moisture  during  the  summer  months  and  2.0  per  cent,  during  the  winter 
months. 

The  head  assay  value  is  taken  by  an  automatic  sampler,  the  slotted 
pipe  of  which  cuts  vertically  through  the  mill  pulp,  about  every  6  min. 
as  it  comes  into  the  cyanide  plant.  The  ore  in  the  pulp  at  this  stage  has 
all  been  crushed  to  finer  than  200  mesh  in  a  caustic  soda  solution,  with 
no  cyanide  in  it,  so  that  this  method  insures  as  correct  a  sample  as  it  is 
possible  to  get. ' 

The  residue  sample  is  taken  while  the  filter  box  is  being  discharged, 
a  number  of  cuts  of  the  pulp  being  taken  from  each  discharge  opening 
and  then  all  mixed  together. 

On  the  basis  of  these  determinations  a  check  has  been  kept  on  the 
silver  bullion  being  produced,  and  although  a  final  clean-up  will  not  be 
taken  until  the  end  of  the  year,  yet  already  more  silver  is  being  produced 
than  the  commercial  assaying  of  the  ore  calls  for,  which  warrants  the 
consideration  of  the  difference  between  the  commercial  and  the  corrected 
assay  values  of  the  ore. 

The  pulp  as  it  flows  from  the  classifiers  in  the  crushing  department 
into  the  cyanide  plant  has  a  dilution  of  11  of  solution  to  1  of  dry  slime. 

Launders 

Launders  around  the  mill  are  all  built  of  2-in.   dressed  dry  white 
pine. 
From  battery  to  Dorr  classifier,  carrying  a  pulp  ground  to  a  2  mesh 
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in  a  7  to  1  dilution^  9  in.  wide  by  7.5  in.  deep,  inside  dimensions,  on  a 
15  per  cent.  grad^.  The  bottom  of  this  launder  is  lined  with  a  chilled 
cast-iron  liner  f  Jin.  thick,  the  wear  and  tear  on  which  after  12  months' 
operation  has  only  worn  off  i  in.  from  the  thickness. 

Oversize  from  classifiers  to  tube  mill  feed,  carrying  a  pulp  diluted 
to  40  per  cent,  for  tube  mill  grinding,  4  in.  wide  by  8  in.  deep,  the  bottom 
being  lined  with  A  in*  thick  sheet  iron.  The  launder  feeding  the 
coarse-grinding  tube  mills  has  a  30  per  cent,  grade  and  the  one  feeding 
the  fine-grinding  tube  mill  has  a  23  per  cent,  grade. 

Discharge  from  tube  mills  to  lower  classifiers,  carrying  the  tube  mill 
pulp  diluted  to  about  10  to  1,  6  in.  wide  by  12  in.  deep  on  a  6.25  per  cent, 
grade,  and  lined  with  A  in.  thick  sheet  iron  on  bottom. 

Overflow  from  all  classifiers  to  slime  collecting  vats,  carrying  an  all- 
slime  product,  diluted  about  11  to  1,  9  in.  wide  by  8  in.  deep  on  a  4.7 
per  cent  grade. 

Overflow  from  slime  collecting  vats  to  lower  battery  solution  vat, 
carr3ring  solution,  9  in.  wide  by  12  in.  deep  on  a  6.5  per  cent,  grade. 

Transferring  slimes  into  any  cyanide  treatment  vat,  taking  delivery 
from  a  7  in.  diameter  centrifugal  pump  of  1,000  gal.  per  minute,  diluted 
1.5  solution  to  1  slime,  22  in.  wide  by  18  in.  deep  on  a  3.1  per  cent,  grade. 

Transferring  slimes  into  any  cyanide  treatment  vat,  taking  delivery 
from  a  4  in.  diameter  centrifugal  pump  of  230  gal.  per  minute,  diluted 
1.5  solution  to  1  slime,  11  in.  wide  by  12  in.  deep  on  a  3.1  per  cent,  grade. 

Decanted  solution  from  cyanide  treatment  vats,  from  a  6  in.  diameter 
decanter  under  a  13-ft.  head,  19  in.  wide  by  15  in.  deep  on  a  1  per  cent, 
grade. 

Cyanide  Plant 

This  part  of  the  mill  is  placed  in  a  building  apart,  but  connected  to  the 
battery  and  tube  mill  building.  It  is  arranged  in  two  floors,  the  upper 
one  containing  all  the  slime  collecting  and  the  cyanide  treatment  vats 
and  the  lower  floor  containing  all  the  solution  vats,  slime  filters,  and 
pumps.     The  slime  treatment  vats  are  shown  in  Fig.  6. 

There  are  on  the  upper  floor: 

Three  34  ft.  diameter  by  13  ft.  deep  slime  collecting  vats. 

Seven  34  ft.  diameter  by  13  ft.  deep  slime  cyanide  treatment  vats. 

Two  34  ft-  diameter  by  13  ft.  deep  stock  slime  pulp  vats  for  charging 

filters. 
One  34  ft.  diameter  by  13  ft.  deep  barren  solution  vat. 

These  vats  are  placed  in  two  parallel  rows,  and,  with  the  exception 
of  the  solution  vat,  they  are  all  fitted  with  a  mechanical  stirring  appara- 
tus, driven  by  a  line  shaft  placed  over  the  vats  on  a  wooden  bridge  or 
trestle.    The  paddles  in  the  vats  are  made  of  4  by  6  in.  pine  on  edge  and 
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the  two  longest  arms  are  27  ft.  in  diameter  and  revolve  at  8  rev.  per  min- 
ute, giving  a  speed  on  the  end  of -678  ft.  per  minute;  paddles  are  located 
at  2  ft  from  the  bottom  of  the  vat. 

These  12  vats  are  driven  by  a  I25-h.p.  motor,  and  as  on  an  average 
8  of  them  are  agitating  at  one  time,  the  power  necessary  to  drive  vats 
and  shafting  is  55  kw.  Each  vat  has  an  average  working  load  of  about 
140  tons  of  dry  sUme  plus  about  280  tons  of  solution. 

The  slime  collecting  vats  are  arranged  with  a  circular  overflow 
around  the  top  on  the  inside,  6  in.  wide  by  S  in.  deep,  over  which  the 


clear  battery  solution  flows  into  the  launder  leading  to  the  lower  battery 
solution  vat.  The  bottoms  of  the  vats  are  connected  to  a  7  in.  diameter 
and  to  a  4  in.  diameter  centrifi^al  pump  for  transferring  the  thickened 
pulp,  and  a  6  in.  diameter  decanter  is  fitted  to  the  side  of  the  vat. 

The  battery  pulp  is  run  into  one  of  these  vats  for  about  9  hr,,  collect- 
ing about  92  tons  (dry  weight)  slimes,  and  during  this  collecting  period 
the  excess  solution  overflows  to  the  lower  battery  solution  vat,  from 
which  it  is  repmnped  for  circulation  in  the  battery  solution  circuit. 
When  the  necessary  charge  is  coOected,  the  pulp  is  switched  to  collect 
in  the  next  vat  and  in  the  meantime  the  slime  is  settling,  excess  soluliou 
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being  decanted  until  the  pulp  in  the  vat  represents  about  1.5  solution  to 
1  slime.  The  pulp  is  now  agitated  for  about  1  hr.,  the  depth  of  pulp 
measured,  sampled,  and  specific  gravity  determination  made  for  slime 
tonnage.  The  specific  gravity  of  dry  slimes  on  this  ore  is  2.7.  The  cal- 
culation made  here,  as  previously  noted,  works  out  at  practically  the  same 
tonnage  as  the  weighed-in  weight  of  the  ore,  after  due  allowance  has  been 
made  for  the  addition  of  lime  and  tube  mill  pebbles. 

The  thickened  pulp  of  1.5  caustic  soda'  solution  at  0.25  per  cent, 
strength  and  1  of  slime  is  now  pumped  to  the  desulphurizing  treatment. 

Desulphurizing  Process 

The  problem  of  working  out  a  successful  all-cyanide  treatment  for 
the  Cobalt  ores,  in  which  there  is  such  a  varying  amount  of  complex 
minerals,  led  to  the  discovery,  during  the  period  of  experimental  work, 
of  what  is  now  known  as  a  wet  desulphurizing  process.  The  details  of 
the  reactions  involved  and  the  necessity  for  such  a  treatment  will  be 
obtained  by  referring  to  J.  J.  Denny's  article.  Briefly  explained,  the 
preliminary  desulphurizing  treatment  breaks  up  the  refractory  silver 
minerals  when  the  slime  pulp  is  brought  into  contact  with  aluminum  in  a 
caustic  soda  solution,  the  silver  being  left  in  a  spongy  metallic  state 
readily  amenable  to  cyanide  treatment. 

The  desulphurizing  is  accomplished  by  passing  the  slime  pulp  through 
a  revolving  tube  mill,  in  which  there  is  a  quantity  of  aluminum,  and  a 
further  treatment  is  given  in  a  vat  lined  with  aluminum  plates,  in  which 
the  pulp  is  slowly  agitated. 

The  practical  effect  of  this  preliminary  treatment  on  the  ores  has 
resulted  in  the  same  and  sometimes  a  better  extraction  being  obtained 
in  48  hr.  cyanide  treatment  than  was  otherwise  obtained  in  120  hr. 
cyanide  treatment  with  no  desulphurizing.  In  some  of  the  ores  which 
contained  a  greater  proportion  of  the  refractory  minerals  a  better  extrac- 
tion of  from  1  to  4  oz.  per  ton  is  obtidned  when  desulphurized  and  cya- 
nided,  as  compared  with  a  cyanide  treatment  and  no  desulphurizing. 

A  tube  mill,  4  ft.  in  diameter  by  25  ft.  long,  lined  with  2  in.  thick 
Silex  blocks,  is  used  for  the  first  stage  of  the  desulphurizing  treatment. 
This  mill  revolves  at  10  rev.  per  minute  and  carries  a  load  of  about  4,000 
lb.  of  aluminum  ingots,  cut  up  into  cubes  about  1.5  to  2  in.  The  slime 
pulp  is  fed  through  this  mill  at  the  rate  of  14  tons  of  dry  slimes  per  hour, 
diluted  with  1.5  caustic  soda  solution  to  1  dry  slime.  The  pulp  then 
gravitates  into  the  34  ft.  diameter  by  13  ft.  deep  alkali  stock  pulp  vat, 
which  is  arranged  with  mechanical  agitation  and  lined  around  the  side 
with  aluminum  plates.  The  pulp  is  agitated  in  this  vat  about  24  to  36 
hr.,  or  until  it  is  graduaUy  drawn  off  in  about  40-ton  charges  to  the 
dewatering  filter  box.    On  account  of  keeping  the  mill  cyanide  solution 
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in  balance,  it  is  necessary  to  eliminate  as  much  as  possible  the  crushing 
caustic  soda  solution  from  the  slimes  before  they  are  transferred  into  the 
cyanide  vats  for  treatment,  and  this  is  done  in  a  Butters  filter  plant 
equipped  with  60  leaves,  which  is  capable  of  dewatering  270  tons  of  slimes 
per  day,  the  cake  when  discharged  carrying  26  per  cent,  alkali  solution 
as  moisture. 

The  slimes  after  dewatering  flow  into  a  16  ft.  by  5  ft.  deep  pulping 
vat,  where  they  first  come  in  contact  with  cyanide  solution,  being  diluted 
with  about  2  of  cyanide  solution  to  1  of  slime,  a  4  in.  diameter  cen- 
trifugal pump  being  used  for  transferring  the  pulp  into  the  cyanide 
treatment  vats. 


Cyanide  Department 

There  are  seven,  34  ft.  diameter  by  13  ft.  deep  slime  treatment  vats, 
fitted  with  mechanical  stirring  arrangement.  Each  vat  has  a  6  in.  di- 
ameter decanter,  for  draining  off  the  clear  settled  cyanide  solution;  they 
are  also  fitted  with  a  6  in.  diameter  air  lift  operated  by  a  0.75  in.  diameter 
pipe  with  air  at  20  lb.  pressure. 

The  slimes  are  treated  in  charges  of  about  130  tons  dry  slimes  in  a 
vat,  with  a  dilution  of  2  of  solution  to  1  of  dry  slimes  in  a  0.25  per  cent, 
cyanide  solution  and  0.20  per  cent,  alkali,  agitation  being  maintained  for 
48  to  60  hr.  Repeated  testing  in  the  mill  has  demonstrated  that  equally 
as  good  an  extraction  of  the  silver  values  is  obtained  with  a  2  to  1  dilu- 
tion as  with  a  3  to  1  dilution.  The  air  lift  is  operated  all  the  time  the 
charge  is  being  treated,  so  that  there  is  a  possible  turning  over  of  the 
charge  about  16  times  by  the  air  lift. 

After  the  agitation  treatment,  the  charge  is  allowed  to  settle,  so  that 
the  clear  solution  may  be  decanted  to  the  pregnant  solution  vat.  The 
pulp  is  then  agitated  and  transferred  by  a  7  in.  diameter  centrifugal 
pump  to  the  34  ft.  diameter  by  13  ft.  deep  cyanide  stock  pulp  vat,  in 
which  it  is  kept  agitated  until  drawn  off  into  the  filter  box. 

A  Butters  filter  plant  equipped  with  80  leaves  handles  35-  to  40-ton 
charges  in  about  3  hr.  each,  the  slimes  being  discharged  with  26  per  cent, 
of  moisture.  The  alkali  and  the  cyanide  filters  are  arranged  alongside 
of  each  other.  Fig.  7,  so  that  the  same  operator  handles  both  boxes  from 
the  switchboard  placed  between  them.  The  filter  plants  are  arranged 
on  the  semi-gravity  plan;  a  10  in.  diameter  centrifugal  pump  with  12 
in.  diameter  suction  and  delivery  pipes  and  hydraulically  operated  valves 
is  connected  with  the  cyanide  box  for  transferring  the  excess  pulp  and 
solution  wash.  The  clear  solution  from  the  cyanide  filter  box  is  delivered 
to  the  pr^nant  solution  vat  and  the  residue  slime  is  dropped  into  the 
empty  box,  discharging  by  gravity  to  the  residue  dump. 

The  alkali  filter  box  is  connected  to  an  8  by  10  in.  duplex  double- 
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acting  piston  vacuum  pump  with  a  displacement  of  340  ft.  per  minute 
at  160  rev.  per  minute.  Tlie  cyanide  box  has  a  12  in.  diameter  by  10 
in.  strolce  duplex  double-actang  piston  vacuimi  pump  with  a  displacement 
of  770  ft.  per  minute  at  160  rev.  per  minute. 

The  pregnant  solution  vat  is  34  ft  diameter  by  8  ft  deep  and  the 
barren  solution  vat  is  34  ft.  diameter  by  13  ft  deep. 

Precipiiation  Department. 

The  original  plans  of  this  section  of  the  mill  were  laid  out  with  the 
intention  of  using  zinc  dust  for  precipitation  and  an  equipment  was  in- 
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stalled  of  one  20-frame  and  one  lO-frame  52-in.  Merrill  precipitation 
presses  with  3-in.  frames,  together  with  the  other  necessary  machinery. 

Before  thg  mill  was  ready  to  start,  the  experimental  work  on  the  use 
of  sine  dust  as  a  precipitant  had  disclosed  that  the  cyanide  solutions  after 
precipitation  rapidly  deteriorated  and  fouled,  bo  as  to  lose  their  dissolv- 
ing efficiency.  The  investigation  on  this  subject  has  been  very  fully 
explained  in  E.  M.  Hamilton's  and  J.  J.  Denny's  articles  and  proves  how 
impossible  it  would  be  to  use  zinc  dust  and  get  good  results.  After 
coniudering  various  other  methods  of  precipitation,  it  was  decided  to 
use  aluminum  dust  as  the  precipitant  and  modify  the  equipment 
accordingly. 

The  practical  benefits  giuned  by  this  change  are: 
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No  fouling  of  cyanide  solutions^  with  a  corresponding  reduction  in  dis- 
solving efficiency. 
The  working  mill  cyanide  solutions  are  in  a  more  active  condition  to 
dissolve  silver  than  if  they  were  freshly  made  up  solutions  which 
had  not  yet  been  used,  showing  in  their  favor  an  increased  dissolving 
power  of  0.35  oz.  of  silver  per  ton  of  ore. 
A  regeneration  of  0.608  lb.  of  cyanide  per  ton  of  solution  precipitated, 
equal  to  about  1.67  lb.  of  cyanide  per  ton  of  ore  treated,  or  408.1b. 
per  day. 
The  recovery  of  silver  precipitates  averaging  about  27,000  oz.  per 
ton,  or  about  93  per  cent,  silver. 

The  pr^nant  solution  is  pumped  to  the  precipitation  room  by  a  6 
by  9  in.  vertical  triplex  pump,  running  at  54  strokes  per  minute,  where 
it  is  clarified  in  a  sand  filter  before  flowing  to  the  special  tank  arrange- 
ment for  mixing  the  aluminum  dust  in  the  cyanide  solution.  It  is  then 
pumped  into  the. precipitation  presses  by  another  6  by  9  in.  vertical 
triplex  pump.  The  20-frame  press  takes  about  four  days  to  fill  up  with 
precipitates  when  handling  about  550  to  600  tons  of  solution  per  day  with 
a  head  assay  rumiing  about  8.25  oz.  and  a  taU  assay  0.10  oz.  The 
aluminum  dust  consumption  over  a  nine  months'  period  averages  about 
0.556  lb.  per  ton  of  ore  treated,  or  1  lb.  (avoir.)  dust  =  45.26  oz.  (troy) 
silver  precipitated,  or  1  lb.  (avoir.)  dust  =  3.104  lb.  (avoir.)  silver 
precipitated.  The  precipitates  are  sent  to  the  refinery,  where  they  are 
melted  and  refined  in  a  reverberatory  furnace,  as  described  in  R.  B. 
Watson's  article,  and  eventually  shipped  as  bullion  at  997  to  999  fine. 
Fig.  8  shows  the  precipitation  plant. 

For  the  aeration  of  the  cyanide  treatment  solutions  and  for  use  on 
filters  and  air  lifts,  there  is  installed  an  18.25  in.  diameter  by  12-in. 
stroke  belt-driven  air  compressor,  with  a  piston  displacement  of  627  cu. 
ft.  of  free  air  per  minute  at  20  lb.  pressure,  running  at  180  rev.  per 
minute. 

The  heating  plant  is  of  the  gravity  type  and  is  located  80  ft.  away  from 
the  main  mill  building,  the  boilers  being  placed  so  that  the  water  level 
in  them  is  5  ft.  below  the  lowest  floor  level  of  the  mill.  There  are  two 
horizontal  multitubular  boilers,  72  in.  in  diameter  by  16  ft.  long,  working 
at  from  0  to  10  lb.  steam  pressure,  with  a  10  in.  diameter  steam  line  and 
a  5  in.  diameter  return  water,  line  between  the  boiler  shed  and  mill 
building. 

.-,    ,.  X  Heating  Surface, 

Radiators  «  -n    i. 

Square  Feet 

Mill  building 67  8,092 

Waahing  plant 13  1,971 

Vat  Bhed 4  25 1 

Total 74  10,314 
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In  addition  to  tfiis,  there  is  about  40  per  cent,  more  heating  surface 
in  all  the  distributing  steam  pipes  around  the  mill. 

This  heating  plant  has  maintained  an  average  temperature  of  about 
60®  F.  in  the  coldest  weather,  which  is  sometimes  down  to  40®  below 
zero. 

ExtracUon 

The  following  figures  represent  the  average  extraction  obtained  from 
a  run-of-mine  ore  of  54  oz.  of  silver  per  ton,  in  the  combined  metallurgy 
of  the  high-grade  and  low-grade  ore  mills: 

Heads  Total  Extrac-        ^^^^  Total 

per  Ton  Silver  tion  ^n  Residues 

per  Ton 

79  tons  of  2,648 .  47  oz.  =  209,229 .  13  oz.  at      99 %       26 .  484  oz.  =  2,092 .  29  oz. 

7,320  tons  of      -26 .  00  oz.  =   190,320        oz.  at      92 %         2 .  080  oz.  =  16,225 .  60  oz. 


7,399  tons  54.00  oz.  95.66%         2.34  oz. 

To  this  will  be  added  the  further  recovery  of  85  per  ceat.  of  the  silver, 
made  on  the  sale  of  the  above  26.484  oz.  of  residue. 

The  working  mill  costs  are  here  represented  in  the  percentage  that  the 
various  most  important  expenses  bear  to  the  total  cost. 

Per  Cent. 

Labor * 28.207 

Cyanide 19.943 

Electric  power 14 .  642 

New  construction  supplies 6 .  686 

Aluminum  dust 4.761 

Aluminum  ingots 4.709 

Caustic  soda 1 .  811 

Aluminum  plates 1 .401 

Refinery  fluxes,  fuel  oil,  coke,  etc 1 .332 

Pebbles 1.284 

Battery  supplies 1 .013 

Lime 0.679 

Sundry  supplies 14.832 

100.000 
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Operating  Costs  per  Ton  of  Ore  Treated;  Average  for  the  Months  of  July, 

August,  and  September,  1913 

Costs  calculated  on  basis  of  7,320  tons  treated  per  month 


Labor 


Sup- 
plies 


Power 


Work 
Shops 


Totals 


BUKDRT  COSTS  PER  TON 

Meyer  receiving  plant 

Aerial  tram  line 

Surface  tram  line 

Washing,  jigging,  and  picking  plant 


$0,049  10.002  •  10.003 
0.059  !  0.004  0.003 
0.073  !  0.045  0.005 
0.138       0.042  '    0.006 


10.001  $0,055 

0.009  !     0.075 

0.027  0.150 

0.024  !     0.210 


Totals 

New  construction 

MILUNQ  C08TB  P£R  TON 

Preliminary  crushing  to  3  in 

Secondary  crushing,  conveying,  and 
elevating 

Battery 

Tube  mills  and  classifiers, 

Slime  collecting,  desulphurizing,  and 
transferring 

Alkaline,  filtering  and  transferring  . . 

Cyanide  treatment  and  transferring 

Cyanide  filtering  and  discharging  . . 

Clarifying  solutions  and  precipita- 
tion  

Drying,  melting,  and  refining 

Water  supply 


$0,319  I  $0,093     $0,017 
$0,036     $0,209    


$0,061 
$0,065 


$0,490 
$0,310 


$0,074     $0,004     $0,006     $0,002  I  $0,086 


0.028 
0.077 
0.096 

0.042 
0.070 
0.120 
0.072 

0.050 
0.074 
0.001 


0.015 

0.005 

0.001 

0.053 

0.095 

0.013 

0.103 

0.282 

0.019  : 

1 

i    0.294 

0.022 

0.008 

0.017 

0.023 

0.004 

0.793 

0.071 

0.020 

1     0.041 

0.034 

0.015 

0.221       0.008 

0.050    

0.001       0.021 


0.049 
0.238 
0.500 

0.366 
0.114 
1.004 
0.162 


0.005       0.284 

I     0.124 

0.002       0.025 


ToUls $0,704     $1,592  '  $0,567     $0,089     $2,952 


Electrical  Power 

In  a  mill  where  the  average  power  costs  represent  about  $4,000  out 
of  a  total  working  cost  of  about  $28,000  per  month,  it  was  advisable  to 
arrange  the  installation  so  that  as  high  an  efficiency  as  possible  might 
be  obtained. 

The  installation  was  so  planned  that  each  machine  should  be  of  the 
correct  size  to  carry  its  load,  and  thus  obtain  the  highest  efficiency  and 
power  factor. 

As  a  measure  of  the  successjobtained  in  this  respect  jt  may  be  stated 
that  the  power  factor  of  the  mill  averages  82.5  per  cent. 
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Original  Motor  Power  Distribution 


Motors 


Washing  Plant:  operates  6  days  of 
9  hr.  each,  per  week: 

Main   drive 

Aerial  tram  line 

Surface  lioist 

Elevator  hoist 

Battery : 

Bat  tery  drive 

Return  solution  pump 

Elevator  ore  bin 

Conveyor  belt 

Tube  Mills: 

Mill  drive 

Lower  classifiers 

Treatment: 

Agitating  tanks 

Circulating  slime 

Circulating  desulphurizing 

Alkali  pump  to  cyanide  tanks.. . 

Experimental  plant 

Two  Filters: 

Filter  box — cyanide 

FiHer  box — alkali 

Vacuum  pump — cyanide 

Hydraulic  valves. 

Precipitation 

Water  Service: 

Centrifugal  pump 


Horse 

Rev.  per 

Total 

Horse 

Power 

Power 

Minute 

40 

850 

15 

565 

30 

720 

10 

1 

900 

95 

40 

575 

40 

575 

10 

1,120 

6 

1,800 

215 

125 

580 

5 

1,120 

505 

125 

485 

35 

855 

20 

690 

20 

690 

2 

1,800 

202 

80 

870 

35 

855 

10 

670 

1 

1,200 

126 

10 

570 

10 

25 

1,800 

25 

1.178 

Cost  of  installation,  $24.15  per  horse  power  of  motors 

Cost  of  Electrical  Installation 

Motors,  switchboards,  wiring,  etc.,  and  labor $26,532.86 

Electric  lighting  of  mill 1,635.61 


Extra  wiring,  poles,  etc.,  for  the  Peterson  Lake  pumping  plant,  lo- 
cated about  1,560  ft.  from  the  main  buildings 


$28,168.47 


250.00 


$28,418.47 

Power  is  received  at  a  pressure  of  11,000  volts  and  is  transformed  to 
the  working  pressure  of  550  volts  in  a  substation  situated  150  ft.  from  the 
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main  building.  A  three-phase  overhead  line  from  this  substation  feeds 
the  main  switchboard,  which  if  placed  on  the  tube  mill  floor,  this  posi- 
tion being  about  the  center  of  power  consufnption. 

From  the  main  board,  feeders  are  carried  through  suitable  links  and 
disconnecting  switches  to  the  various  motor  control  boards. 

The  motors  are  all  three-phase  550  volts  60-cycle  Canadian  Westing- 
house  type  G.M.  machines.  The  "squirrel  cage"  rotor  was  selected  on 
account  of  its  ruggedness  and  simplicity.  The  average  full-loa;d  effi- 
ciency and  power  factor  for  each  class  of  these  machines  was  found  after 
careful  testing  to  be: 

Efficiency,  Per  Cent.  Power  Factor,  Per  Cent. 

125-h.p.  class 01.0  80.6 

80-h.p.  class 89.0  88.0 

iO-h.p.  dass 88.3  86.9 

35-h.p.  class 87.5  83.6 

l&-h.p.  class 85.8  85.5 

Each  motor  is  provided  with  a  control  panel  upon  which  are  mounted 
a  thre&-pole  automatic  oil  circuit  breaker,  an  auto-starter,  fitted  with 
no-voltage  release,  an  ammeter,  and  a  serviceable  inverse  time-limit 
relay  in  the  form  of  fuses  and  a  double-pole  spring  tumbler  switch,  in- 
serted across  the  circuit  breaker  tripping  coil  terminals.  This  relay  is 
used  for  starting  duty  only,  and  in  conjunction  with  the  no-voltage 
release  on  the  auto-starter,  renders  the  gear  practically  "fool-proof." 
The  motor  control  panels,  1  ft.  6  in.  wide  by  6  ft.  high,  are  grouped  to 
make  switchboards  of  convenient  size,  and  are  so  placed  that  the  machines 
which  they  control  may  be  easily  seen  from  them. 

The  main  switchboard  is  equipped  with  an  automatic  three-pole 
oil  circuit  breaker,  controlling  the  entire  mill  supply,  a  voltmeter,  an 
ammeter,  an  integrating  wattmeter,  and  a  graphic  recording  wattmeter. 
The  wiring  of  the  graphic  wattmeter  is  so  arranged  that  a  record  of  either 
the  total  mill  load  or  the  load  of  any  individual  motor  may  be  obtained. 

All  wiring  within  the  mill  is  carried  in  steel  conduits.  The  average 
total  load  on  the  mill  amounts  to  690  kw.  The  recording  wattmeter 
registers  a  variation  of  less  than  5  per  cent,  from  this  figure  from  day  to 
day,  on  the  day  load. 

Much  credit  is  due  to  W.  H.  R.  Burrows,  the  company's  resident 
engineer,  for  the  excellent  installation  and  high  efficiency  obtained  in  this 
power  service. 

In  conclusion,  I  wish  to  acknowledge  the  encouragement  and  assist- 
ance of  R.  B.  Watson  in  the  many  difficulties  that  developed  before 
everything  was  satisfactorily  worked  out,  and  his  permission  to  publish 
the  data  in  this  article;  also  to  put  on  record  the  good  work  done  by  Mr. 
Hamilton  and  Mr.  Denny  both  during  the  experimental  work  and 
during  the  starting  up  of  the  mill. 
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Discussion 

Chairman  E.  Gybbon  Spilsbury. — I  would  like  to  call  attention  to 
the  fact  shown  in  this  paper  that  less  than  five  years  or  perhaps  seven 
years  ago  nobody  had  thought  it  possible  to  cyanide  with  success  silver 
ores.  The  cyaniding  of  silver  and  gold  ores  was  first  of  all  started  in 
Mexico,  and  'gradually  extended  to  this  country  in  the  case  of  the  silver 
ores  alone.  The  average  extraction,  I  think,  for  the  metals  in  Mexico, 
in  the  case  of  the  silver  ore,  is  less  than  85  per  cent.,  whereas  here,  in  the 
case  of  a  very  complex  ore,  carrying  a  high  percentage  of  sulphur  and 
arsenic,  and  other  objectionable  elements,  the  ore  has  been  treated  so 
as  to  extract  an  average  of  95  per  cent,  of  the  silver  contents  of  the  ore. 
It  is  really  a  phenomenal  revolution  in  the  metallurgy  of  silver  ores  which 
has  been  demonstrated  and  worked  out  at  the  Nipissing  mines. 

George  A.  Packard,  Boston,  Mass. — I  would  like  to  suggest  a  slight 
modification,  perhaps,  of  the  statement  which  is  made  that  no  one  con- 
sidered cyaniding  of  silver  ores  up  to  five,  or  perhaps  seven  years  ago, 
because  in  1897,  when  I  was  at  Mercur,  Utah,  on,e  mill  near  there  was 
operating  on  silver  ores.  It  did  not  operate  very  successfully  from  a 
commercial  standpoint,  because  they  did  not  have  a  great  deal  of  ore, 
but  the  extraction,  I  was  told,  was  very  satisfactory,  and  I  am  quite 
confident  that  it  was,  because,  as  suggested  by  the  name.  Chloride 
Point,  the  ores  were  silver  chloride  ores,  and  of  course  very  easily  soluble. 
Some  years  before  that,  in  1892,  I  made  some  tests  myself.  I  spent 
three  months  making  tests  on  more  or  less  complex  silver  sulphide  ores 
at  Virginia  City,  Mont.,  and  while  our  tests  on  the  plain  sulphide  ores, 
finely  ground,  were  quite  successful,  on  account  of  the  presence  of  a 
small  amount  of  copper  we  did  not  work  out  a  satisfactory  solution 
of  the  problem  at  that  time;  although  since  then  a  cyanide  plant  has  been 
erected  and  for  at  least  eight  years  these  ores  have  been  treated  by 
cyaniding  at  Virginia  City,  and  the  mill  is  still  in  operation.  The 
period  of  five  to  seven  years  should,  therefore,  be  modified  considerably, 
in  justice  to  the  pioneers  in  the  cyanide  processes. 

Reginald  E.  Hore,  Toronto,  Ont.,  Canada. — I  hoped  that  there  would 
be  metallurgists  from  Cobalt  here  to  present  and  discuss  Mr.  Johnston's 
paper.  In  their  absence  a  few  remarks  from  me  may  help  to  make  clearer 
to  you  what  they  have  accomplished. 

When  the  mining  activity  at  Cobalt  began,  it  was  recognized  that 
the  ore  was  a  very  difficult  one  to  deal  with.  The  valuable  mineral 
is  chiefly  native  silver  occurring  in  particles  entangled  in  a  mixture  of 
smaltite,  niccolite,  calcite  and  other  minerals.  Much  of  the  ore  is  very 
profitably  smelted,  even  though  little  or  no  profit  is  made  on  the  cobalt, 
nickel,  or  arsenic  contained  in  it. 
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Soon  it  became  evident  that  a  process  must  be  devised  to  treat  the 
low-grade  ore.  Concentrating  mills  were  built  and  were  successful  in 
treating  profitably  much  of  the  low  grade.  There  was,  however,  diflSculty 
in  making  an  economical  recovery  of  the  last  5  or  6  02.  per  ton.  After  a 
little  experience  with  milling,  many  who  were  especially  familiar  with 
cyaniding  processes  experimented  on  these  silver  ores.  At  the  Buffalo 
mill  the  cyaniding  treatment  was  used.  It  worked  fairly  well.  Only 
the  slimes  were  treated,  most  of  the  silver  being  recovered  by  concen- 
tration. At  the  O'Brien  and  Nova  Scotia  mills  cyaniding  treatment  was 
mtroduced  early.  In  the  case  of  some  of  the  ores  the  cyaniding  of  silver 
worked  fairly  well,  though  not  remarkably  well.  Managers  of  other 
properties,  profiting  by  the  experiences  at  the  Buffalo,  O'Brien,  and 
Nova  Scotia  mills,  left  it  pretty  much  alone.  Straight  concentration 
was  found  in  many  cases  to  be  more  satisfactory. 

The  silver  in  the  high-grade  ore  is  chiefly  native  silver.  The  low- 
grade  ore  has  a  lot  of  filmy  sulphides  as  well  as  native  silver  occurring  in 
the  crevices  of  the  fractured  rocks  on  either  side  of  the  high-grade  veins. 
The  silver  in  the  sulphides  and  antimonides  was  not  easily  saved. 

There  was  for  some  time  a  very  decided  difference  of  opinion  as 
to  whether  it  was  worth  while  to  cyanide  the  Cobalt  silver  ores.  The 
great  success  of  the  straight  concentration  method  was  evident — there 
were  good  mills  working,  the  Coniagas  and  Northern  Customs,  for 
instance. 

Among  the  most  remarkable  improvements  in  metallurgical  methods 
at  Cobalt  is  the  amalgamation-cyanidation  of  the  high-grade  ores. 
This  is  a  distinctly  new  method  of  winning  silver  from  ores.  The  high- 
grade  ore  is  treated  with  mercury  in  a  tube  mill  and  a  wonderful  recovery 
is  made  in  that  way. 

One  of  the  difficulties  of  treating  the  sulphides  in  the  low-grade  ores 
was  overcome  by  the  process  devised  by  J.  J.  Denny,  which  is  referred 
to  in  the  paper  as  a  desulphurizing  process.  Another  important  feature 
is  the  use  of  aluminum  dust  for  precipitation,  a  process  which  was  in- 
troduced in  Cobalt  by  S.  F.  Kirkpatrick,  of  the  School  of  Mining, 
Kingston.  Since  these  processes  have  been  adopted  the  cyaniding  of 
low-grade  ores  has  been  more  successful.  In  brief,  it  was  found  that 
some  low-grade  ore  could  be  worked  and  milled  quite  profitably  without 
cyaniding,  but  low-grade  ores  which  contained  considerable  sulphides 
were  costly  to  treat  until  the  new  process  was  devised.  Desulphurizing 
by  aluminum  and  precipitation  by  aluminum  are  important  features 
at  the  Nipissing  plant,  which  is  so  creditable  to  the  metallurgists  who 
have  been  connected  with  it  and  which  has  been  so  well  described  by 
Mr.  Johnston  in  the  paper  now  before  us. 

W.  A.  Caldecott,  Johannesburg,  So.  Africa  (communication  to  the 
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Secretary*). — This  detailed  article  on  Nipissing  ore-treatment  methods 
is  of  special  interest  to  the  writer,  both  on  account  of  his  association  with 
Messrs.  Butters  and  Johnston  in  their  earlier  metallurgical  work  in 
South  Africa,  and  also  on  account  of  his  visit  under  the  auspices  of  the 
Institute  to  the  Nipissing  in  1907,  when  the  treatment  of  such  low-grade 
ore  was  an  unsolved  problem,  and  when  in  fact  the  most  prominent  metal- 
lurgical appliance  in  Cobalt  camp  was  a  cobbing  hammer. 

The  authors  must  be  congratulated  on  the  practical  success  of  their 
striking  innovations,  such  as  crushing  in  0.25  per  cent,  caustic  soda 
solution  and  the  use  of  aluminum,  and  these  departures  illustrate  once 
more  the  necessity  of  modifying  known  methods  to  correspond  with  the 
conditions  of  new  problems. 

The  use  of  1,500-lb.  stamps  with  )-in.  mesh  screening,  and  a  ratio  of 
ten  stamps  per  tube  mill,  is  in  accordance  with  the  latest  South  African 
practice,  although  the  weight  of  the  stamps  is  a  mean  between  those 
installed  in  recent  Rand  mills  and  those  in  general  use  in  the  United 
States.  No  doubt  the  low  stamp  duty  of  6.7  tons  is  due  to  the  hard  and 
tough  nature  of  the  ore.  The  water  ratio,  however,  of  7  to  1  in  the  bat- 
tery screen  pulp  and  of  11  to  1  in  the  final  slime  pulp  overflow  seems 
high  as  compared  with  the  5  to  1  practicable  here,  and  entails  additional 
classifier  capacity  and  pumping. 

In  view  of  the  fact  that  the  —  200-me8h  sand  requires  regrinding,  it  is 
possible  that  260-mesh  (0.0023  in.  aperture)  screening,  now  commercially 
obtainable  and  in  use  here,  could  be  used  with  advantage  in  the  grading 
analysis,  as  a  sample  containing,  say,  2.6  per  cent.  +200  may  show 
13.1  per  cent.  +260. 

It  is  probable  that  the  crushing  efficiency  of  the  large  tube  mills 
employed  would  be  materially  increased  if  fed  with  double  or  treble  the 
present  tonnage  of  sand  per  24  hr.,  so  as  to  provide  sufficient  coarse 
particles  to  fully  utilize  the  impact  of  the  falling  pebbles  near  the  dis- 
charge end. 

It  is  not  clear  from  the  paper  why  the  high-grade  ore  is  subjected  to 
the  treatment  detailed  in  the  paper,  since  the  total  residue,  assaying  26.484 
oz.  per  ton,  is  sold  and  presumably  smelted,  which  treatment  might  be 
applied  to  the  ore  in  the  first  instance. 

♦  Received  Apr.  3,  1914. 
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Mining  and  Mining  Methods  in  the  Southeast  Missouri 

Disseminated- Lead  District. 

BY  H.   A.   aUXBS,   FLAT  BITKB,   MO. 
(New  York  Meeting,  February,  1914.) 

Introduction.    History  and  Production  Statements. 

Southeast  Missouri  is  the  oldest  of  the  large  producing  districts  of 
the  United  States.  The  first  recorded  production  from  disseminated 
ores  was  in  1869,  although  for  many  years  prior  to  that  time  lead  had 
been  mined  from  shallow  pockets,  and  steady  growth  in  production 
has  been  shown  ever  since,  the  greatest  increases  being  during  the 
past  five  years. 

The  production  by  years  for  each  of  the  operating  companies  from 
1869  to  1907,  inclusive,  is  given  in  Table  I.  In  Table  11.  is  given  the 
production  by  years  from  1908  to  1912,  inclusive,  for  the  district  as  a 
whole,  showing  the  tonnage  of  crude  ore  mined,  yield  in  concentrates, 
average  assay  of  concentrates ;  yield  in  metallic  lead  both  per  ton  of 
crude  ore  and  in  total;  also  approximate  value  of  the  yearly  pro- 
duction. 

It  is  interesting  to  note  that  the  production  for  the  6-yr.  period 
1908  to  1912,  inclusive,  is  practically  equal  to  the  total  previous  pro- 
duction, viz.,  the  89-yr.  period  1869  to  1907,  the  summary  being  as 
follows : 


Period. 


Lead  Production. 


Tons  Concentrates. 


18f5ft-l 907,  inclusive 1,202,606 

1908-1912,  inclusive 1,042,553 


Gross  Value. 

$59,869,354 
58,914,260 


voi#.  xLvnz. — 3 
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"  Table  I. — Production  of  the  Lead  Mines  of  the  Bonne  Terre, 

Compiled  from  various  sources. 


St.  Joseph 
Lead  Co. 

Desloge  Lead 
Co. 

Deslotge  Consoll- 
datea  Lead  Co. 

Flat  River 
Lead  Co. 

St.  Louis  Smelting 
&  Refining  Co. 

Doe  Run  Lead  Co. 

Year. 

1 

• 

3 
> 

^1 
1 

• 

3 
> 

^1 
II 

• 

11 

• 

3 

13 
> 

OB  5 

6 

3 

"5 

> 

1869 

161 
823 

859 

1,060 

1,060 

1,295 

1,963 

2,436 

2,051 

2,819 

8.565 

4,254 

6,317 

7,304 

5,952 

6,804 

9,769 

7,872 

7,387 

13,027 

13,600 

13,851 

14.114 

13,474 

14,421 

18,089 

•20.411.5 

21.908.5 

23.087 

20,342.5 

20,024.5 

18,174 

2:i,417 

26,783 

28,481 

28,417 

30.588 

43,907 

33,000 

S86AM 
40.052 
95,968 
116.600 
118,000 
141,725 
210,432 
257.242 
169,002 
153,351 
228,160 
823,304 
848,795 
556,028 
380,928 
381,034 
593,955 
530,784 
508,226 

1 

1 

1870 

1                                        ,        '      '   " 

•  •••••••••••      ••••••••     •..!.. .>•>>>>>>>••-•>.  1 

1871 

I. 

•  •••■•••■•■•••••••                                    ' 

1872 

• 

1873 

1874 

1875 

••  • 

•  ••A*  •••••••••  •••    •«•  •.« .,.  «,. ... 

1876 

1877 

928 
1,843 
2,332 
3,531 
4,646 
5,903 
6,770 
7,630 
6,458 
4,542 

$76,467 
100,259 
149,248 
268,356 
314,778 
443,906 
609,004 
421,680 
831,846 
327,004 

1 

1878 

1    

1879 



1 f 

1880 

1 

1881 

i  ^ 

1882 

... ... ... ... ... ... ' 

1883 

1 

1884 

1885 

1886 

1887 

1888 

1.042.160 

The  a 

bove  min 
at  Bonne 
and  in  188 
purchase 
Joseph 
Co. 

es 

2,900 

6,243.5 

5,.516.4 

4,219 

3,348 

8,593.3 

4.509.3 

5,700 

10,342 

12,632 

12,400 

12,290 

19,075 

16,532 

17,030 

19,420 

19.100 

19,300 

20.032 

19.670 

1889 

783,360  were 
952,000  Terre 
1.094,881  were 
8%,098by  St 
587,01-2    IjrajA 

18<H) 

7 

2HM»iO 

1891 

d 

18'*2 

I'M  7(^1 

1893 

I'l^ttlli) 

1894 

763,279 

2,250 
4,200 
4,650 
6,200 
9,327 
10.044 
14,929 
7,497 
9,950 
9,449 

$67,500 
126,000 
129,732 
158,600 
366,084 
490.000 
477,371 
300,000 
417,900 
dnnnnn 

750 
Pur 

am 
Refl 

$22,500 
chased 
t.  Louis 
eltingdt 
ningCo. 

9l)1  <gi) 

1895 

563.910 

659,451 

563.867 

798.454 

hi4,(m 

823,282 

943.722 

918,668 

1,881.328 

l.a'>9,158 

1,5*29,435 

2,853.966 

2,10:^,837 

1896 

•••••••••      ■•• 

311,21M 

S11  ,VJr> 

1897 

1898 

iST  ifV, 

1899 

. 

51S,1^9 

1900 

3,064 
10.954 
17,534 
16,701 
15,511 
17.528 
18,503 
16,391 

$122,223 
448,521.5 
664,123 
704.782 
698,002 
876,404 
1,086,242.6 
1,040,845.1 

$5,641,143.2 

191H 

•  ••  •«• 

•  ••  •••  •••  ••  • 

fiM  ^^A 

1902 

810.:i=y. 

1903 

1904 

i 

12,742        555;369 
13.488        661,864 
11,641        77a  !Wn 

^ 

933.Nr> 
1.0(n.47'> 

l,2jv4,^T^ 

1905 

' 

1906 

1907 

■  .■■•■.••''--- 

10.051 

fi.^9i«fi 

43,483 

[ 

1                        ■  ■    ' 

... 

Total 

510,988 

126,857,453 

$2,942,&18 

125,418  95,556,966 

1               1 

750 

$22,500 

116,186 

232,852.6 

$11,.362.2S2 

Total  tons  concentrates 1,202,606.9 

Total  value $59,869,354 
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Since  1905  and  up  until  the  close  of  1912,  the  total  production  of 
the  district  has  been  made  by  five  companies  as  follows  : 


Name  of  Company. 


Federal  Lead  Co 

St.  Joseph  Lead  Co.'' 

Doe  Run  Lead  Co.'> 

St.  Louis  Smelting  &  Retining  Co 
Desloge  Consolidated  Lead  Co.... 


Approximate. 

Mill  Capacity  in 

Tons  per  24  Hours. 


4,500 
3,200 
c3,000 
2,500 
1,800 


Approximate. 
Acreage  of  Land 
Owned. 


14,000 

19,000 

7,094 

1,300 

4,400 


'>  At  the  close  of  1913  these  two  companies  were  consolidated  as  one  company — the  St. 
Joseph  Lead  Co. 

<?By  October,  1913,  the  Doe  Bun  Lead  Co.'s  mill  will  be  increased  to  4,000  tons  per 
24  hr. 
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Fl(U  River,  and  Leadwood  Areas,  from  1869  to  1907,  inclusive 
Compiled  from  vsriom  aonrces. 


I'ltl™ 

Colombim  Lead 
Co. 

Leadco.     1         Co.         |     Lead  Co.     1           Co. 

Central  Lead  Co. 

Ii' 

ill 

1 
1 

1 

b 

i  p 

i 

lil 

1 

li 

1 

ii 

^ 

? 
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192,294 

bjr    Doe       blow      1 
RDaLcsd2,;00      I 

,s 

alLead 

""■"SoriiaiTrai  "ilii 

19,221.0 

I161JW7  10,663,0 
810,3761    9,574.0 

a04.M3l    Pjlrcl 

149,978 

Lead^. 
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20,21 
71,229 

K|I1,M& 

1S.112JS 

r. 

,071 

"sMl'iaiiJo 

790    tn,731 

>1,HT,I93  ■K.Oii.S 

t8.068^ 

"Tablb  H. — Production  Statement  fo 

r  B-  Yr.  Period  1908  to  19n,  Imliuim 

Year. 

CnideOre 

Tods.' 

Prodnced. 
Tom. 

it 

Ciraaa  Valne. 

iflli 

1908 

1910 
1911 

1912 

2.747,387 
3,389,742 
3,693,523 
3,974,712 
4.064, 3«6 

183,095 
210.620 
210,890 
219,145 
218,803 

63.65 
60.91 
62.35 
67.42 
67.14 

116.531 

128,299 
131,499 
147,754 
146,913 

$9,788,604 
11,033,714 
11,571.912 
13,297,860 
13,222,170 

4.24 

3.78 
3.66 
3.72 
3.61 

37 
86 
35 

36 
35 

670,996 

58,914,260 

'        ' 

"Compiled  from  II.  8.  Geological  Surrey  reports. 
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Beginning  with  1^18,  production  has  been  started  in  a  small  way 
by  a  new  company  in  the  district,  the  St.  Francois  Lead  Co.,  which 
in  1910  purchased  a  well  situated  tract  of  357  acres.  This  ore  for 
the  present  is  being  shipped  to  the  mill  of  the  St  Louis  Smelting  & 
Refining  Co. 

Physiography  and  Geology. 

"As  a  whole  the  district  is  rough  and  hilly,  although  the  only 
areas  that  might  be  called  mountainous  are  in  the  Southeastern  and 
Southwestern  parts  in  all  which  occur  the  Northern  spurs  of  the 
granite  and  rhyolite  hills  and  ridges  which  have  been  called  the  St. 
Francois  Mountains.  The  remaining  portion  of  the  area  consists  of 
hills  and  valleys  with  narrow  table  land  areas  and  alluvial  plains. 

"  The  lowest  elevation  in  the  district  is  610  feet,  along  Big  River, 
and  the  highest  1530  feet  at  the  summit  of  Middle  Mountain." 

The  accompanying  map.  Fig.  1,  which  represents  a  portion  of  the 
U.  S.  Geological  Survey  sheets.  Bonne  Terre  and  Farmington  quad- 
rangles, in  20-ft.  contours,  shows  clearly  the  surface  features  of  the 
district,  and  on  this  map  is  drawn  a  circle  of  5-mile  radius  within 
which  all  the  disseminated-lead  production  of  the  district  has  been 
made,  other  than  a  few  hundred  tons  from  Irondale.  Plate  L  is  a 
map  of  the  same  territory,  showing  the  underground  workings. 

The  Cambrian  formation,  within  the  confines  of  the  producing 
disseminated-lead  district,  is  made  up  of  six  members,  as  follows :  ^ 


Name. 

Thickness,  Etc. 

Character. 

Potosi 

Occurs  over  only  a  small  portion. 
Normal  thickness  about  300  ft. 

Normal  thickness  about  60  ft. 
Normal  thickness  about  40  ft. 
Normal  thickness  about  170  ft. 
Normal  thickness  about  343  ft. 

Normal  thickness  about  200  ft. 

Massive  beds  of    dolomite    fre- 

Doe  Kan... 

quently  with  cherty  nodules  and 
alternating  with  beds  of  ohe.rt. 

Shaly  dolomite. 

Massive  dolomite. 

Derby.... 

Davis 

Shale  and  lime8tone  conglomerate 
Dolomite,chloritic  and  shaly  near 

bottom. 
White  sandstone. 

Bonneterre. 

LaMotte 

In  general  the  disseminated-ore  horizon  occurs  in  the  lower  part  of 
the  Bonneterre  formation,  the  main  bed  being  usually  within  less 
than  50  ft.  of  the  underlying  sandstone,  with  occasional  upper  layers 
of  ore  ranging  as  far  as  300  ft.  above  the  sandstone.  The  sandstone 
itself  near  the  top  sometimes  contains  disseminated  galena  in  suffi- 
cient amount  to  permit  mining  with  the  limestone,  but  this  ore  from 
the  sandstone  is  relatively  unimportant,  amounting  as  it  does  to  less 
than  1  per  cent,  of  the  total. 

*  Missouri  Bureau  of  Oeohgy  and  MineSj  vol.  ix. ,  Part  I. 


MINING    AND    MINING   METHODS 


37 


Fig.  1. — CoNTouK  Map  of  Dis^eminaied-Lead  Di.-tkict. 
Practically  all  production  is  within  the  circle  of  »5-niile  radius. 
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The  accompanying  sections,  Fig.  2,  represent  typical  occurrences 

of  the  disseminated  ore  in  the  district  where  two  or  more  levels  are 

present. 

Prospecting 

As  no  outcrops  of  disseminated  ore  occur  in  the  district,  prospect- 
ing, both  in  the  search  for  new  orebodies  and  for  the  extension  of 
known  ore,  is  done  entirely  by  drilling,  and  the  formation,  other 
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JfiMOuri  Bureau  qf  Qeotogy  and  MineSf  Vol.  iz.,  Ser.  2,  Plate  LIII. 

Fio.  2. — Cboss-Sections  Showing  Position  of  Orebodies  Worked  in  Fedebai* 
Mine  No.  1,  with  Eestect  to  the  Sdsfage  and  the  Underlying  La  Motte 
Sandstone. 

than  for  a  little  Potosi  here  and  there,  is  free  of  flint,  so  that  diamond 
drilling  is  used  exclusively  after  reaching  solid  rock,  churn  drills 
being  used  only  for  setting  the  sleeve  pipe  where  the  overlying  soil 
or  gravel  is  fairly  deep.  The  district  has  received  great  assistance 
from  the  Missouri  State  Bureau  of  Geology  and  Mines,  by  its  de- 
tailed study  of  the  ore  deposits  and  mapping  of  the  area  within 
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which  ore  may  be  expected  to  occur,  but  while  this  is  very  valuable 
in  a  broad  way,  the  fact  remains  that  in  extending  the  limits  of  known 
orebodies  the  only  way  to  do  is  to  feel  along  with  the  diamond  drill 
until  the  full  limits  of  the  body  are  defined.  For  this  work  close 
spacing  of  holes  is  used,  usually  200  ft,  sometimes  as  close  as  100  ft. 

For  general  prospecting  in  the  search  for  new  orebodies  the  holes 
are  usually  spaced  400  or  600  ft.  or  even  further,  either  in  checker- 
board fashion  or  in  lines  transverse  with  the  supposed  strike  of  the 
ore  run.  Then  when  ore  is  cut,  detailed  drilling  is  begun  with  spac- 
ing of  200  ft.  or  less.  All  companies  do  not  follow  the  same  practice 
in  this  regard,  however. 

In  drilling,  the  usual  practice  is  to  run  with  solid  bit  until  within 
50  ft  or  so  of  the  expected  ore  horizon  and  then  core  until  the  hole 
bottoms  in  La  Motte  sandstone  or — in  certain  portions  of  the  district 
— in  porphyry  or  granite.  A  typical  log  of  a  diamond-drill  hole 
where  some  Davis  shale  overlies  the  Bonneterre  lime,  as  taken  from 
Federal  Lead  Co.'s  record,  is  shown  in  the  accompanying  table. 


Typical  Log  of  Diamond^Drill  Hole 


Location    . 


Tract  No.  7. 
N.  673.84. 
£.  1419.26. 


Core     L_  ,.  iThlck 
Saved.  ll^Pin.   ueas. 


1ft.  0  in. 


9ft.  51n. 
2  ft.  0  In. 
6ft.  6iQ. 

Sft.  6in. 
10ft.  Sin. 
lft.ll  in. 
9ft.  Sin. 
4ft.  Oin. 


1ft.  6in. 


Sft.llln 
IftJlin 
7ft.  Oin. 
Sft.  7in. 


3 

63 
Mi 
350 


365 

875 
377 
384 

887.5 

898 

400 

410 

414 

420 

421 .5 

423 

432 

4.35 

442 

446 

450 

460 


Number  2S61. 

Sleeve  889.81. 

Bonne  Terre  Dolomite  776.81. 

La  Motte  Sandatone  389.81. 


Date  5/19-5/81.  1913. 


Description  by 


Description. 


Sleeye 

Shale ~. 

Light  lime. 
Qray  lime... 


Eleva- 
tion 
A.  T. 


Thick- 1    Estimated     Accept- 

nessof  Lead  Percent,  ed  Per 

Ore.  Cent. 


776.81. 


Began  Coring. 

Dark  gray  lime,  traces  lead 

Dark  gray  lime,  lead  at  854-35&-35H- 

861-&4. 

Gray  lime,  traces  lead 

Gray  lime,  traces  lead 

Siliceous  shale:  gray  lime;  traces  lead 

sulphur 

Siliceous  shaly  gray  lime 

Gray  shalylime 

Gray  shaly  lime 

Siliceous  chloritic  gn»y  lime 

Siliceous  shaly  gray  lime ;  traces  lead. 

Gray  shalylime 

Chloritic  gray  shaly  lime;  traces  lead. 

Gray  shaly  lime 

Siliceous  sandy  gray  lime 

Siliceous  sandy  gray  lime;  traces  lead. 
Siliceous  sandy  gray  lime;  traces  lead 
Siliceous  shaly  gray  lime  ;  traces  lead. 
Gray  sandy  lime ;  traces  lead  at  449  ... 
Clear  white  sand 

Bottomed  at  460.0. 

Water  returned. 

Pay 


488.81 


1.0 


traces 


464.81 
462.81 

455.81 
452.31 
441.81 
439.81 
429.81 
425.81 


I 


10.0 
2.0 

7.0 

3.5 
10.5 

2.0 
10.0 

4.0 


2.0) 
8.0  V 
7.0) 
1.0 


traces 
traces 

traces 

3.8 


418.31 


407.81 

404.81 

397.8 

393.81 

389.81 

379.81 


1.5 


9.0 
3.0 
7.0 
4.0 


I  races 
traces 


traces 
traces 
traces 
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The  mineral  run  of  the  drill  core  is  not  as  a  rule  assayed,  except 
from  time  to  time  as  a  check  on  the  estimations,  but  instead  of  this 
the  mineral  run  is  filed  in  a  core  tray,  suitably  labeled,  its  metallic 
lead  contents  carefully  estimated,  and  the  tray  filed  in  the  corehouse 
for  future  reference.  Where  a  dozen  or  more  drills  are  being  oper- 
ated by  a  company,  a  trained  estimator  is  kept  steadily  engaged  upon 
this  work. 

The  costs  per  foot  for  diamond  drilling  in  the  district  depend  upon 
the  distance  for  haulage  of  fuel,  facilities  for  water,  the  contour  of 


e   2381 
386.7-3.0-4.0 
359.7-SAND 


Ji    2148 

,4fl' 2-1  5-5.0 
405.2-5.0-4.5 
-a?  9. 7 -SAND 


1124 

404.4t9.5-5.0 

402.4-\2.0-2.0 

366.4-^ANO 

\ 
\ 
\ 


•  2804 

407.0-1.5-20.0 

400.5-6.5-2.0 

364.5 -SAND 


TYPICAL  ORE  BODY 

PLATTED  FROM 
DIAMOND  DRILL  HOLES 


0 

c 


SCALE 

60 


too  FT. 


FiQ.  3. — Map  of  Orebody  Plotted  from  Diamond-Drill  Holbs. 

the  ground,  the  rock  formation,  the  depth  of  hole,  the  proportion  of 
solid-bit  to  core-bit  work,  and  the  amount  of  time  and  care  spent 
upon  the  collecting,  estimating  and  storing  of  the  cores,  and  it  varies 
accordingly  from  60  c.  to  %\  per  foot  with  an  average  of  say  75  c, 
made  up  about  as  follows  : 

Labor. |0.?6 

Carbons 0.25 

Fuel,  etc.,  and  haulage 0.10 

Bepairs  and  renewals 0.15 

$0.76 


\ 

1 
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III  point  of  footage  per  10-hr.  shift  solid-bit  work  will  average  say 
fiO  ft.  and  core  bit  30  ft.  Approximately  25  per  cent,  of  the  total 
f.»otage  is  cored.  Careful  attention  is,  in  general,  given  by  the  com- 
panies to  plotting  upon  their  maps  the  drill  holes  and  their  records  of 
ore,  and  calculating  therefrom  the  probable  orebody  in  terms  of  ton- 
nage, thickness  and  grade.  Experience  has  shown  that  in  general 
the  estimates  thus  made  are  fully  borne  out  when  it  comes  to  actual 
working  underground,  so  that  ore  reserves  thus  calculated  can  be 
safely  relied  upon. 

The  subjoined  portion  of  a  50-ft.  scale  map,  Fig.  3,  shows  a  typical 
area  in  which  drilling  has  yielded  a  number  of  pay  holes  and  the  ore- 
bo<ly  shown  has  been  plotted  as  a  result. 

This  will  serve  to  illustrate  the  method  of  calculating  tonnage, 
thickness  and  grade,  as  used  by  one  of  the  larger  companies  of  the 
district — the  Federal  Lead  Co. — as  follows : 

Portion  A,  area  :  260  by  150  ft.  =  37,500 
Portion  B,  area  :  332  by   63  ft.  =  23,232 

ToUl  area. 60,732 

In  calculating  thickness  and  griade  of  the  orebody,  each  hole  is 
first  considered  separately  and  then  all  are  combined  to  obtain  an 
average,  thus : 

Hole.  Eleyatioxi.  Thickness.  Pb.   '  Ft-PerCent. 

Ft.  ?er  Cent. 

2,304  407.0  1.5  20.0  30.0 
400.5                  6.5                      2.0  13.0 

Totals  and  ayerage 8.0  5.4  43.0 

1,124  404.4  9.5  6.0  47.5 
402.4                  2.0                     2.0  4.0 

Totals  and  averages 11.5  4.5  51.5 

2,148  403.2  5.0  4.5  22.5 

ToUd  and  average 5. 0  4.5  22. 5 

To  find  the  average  thickness  and  grade  of  the  entire  orebody,  all 
holes  within  the  limits  of  the  body  are  considered.  In  this  particular 
case  the  body  was  cornered  at  2148  as  the  ore  in  this  hole  is  scarcely 
a  pay  run. 

Hole.  Elevation.  Thickness.       Per  CcntTPb.  Ft-Per  Cent. 

Ft. 

•2,304  400.5-408.5  8.0  5.4  43.2 

1,124  402.4-413.9  11.5  4.5  61.8 

2,148  403.2-408.2  5.0  4.5  22.5 

Totals  and  average 24.5  4.8  117.5 

Ayerage  thickness  and  grade 8.2  4.8 
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Calculations  for  tonnage  are  given  below,  using  11  cu.  ft.  per  ton 
and  figuring  oulj  50  per  cent,  of  the  volume  as  ore,  the  rest  being 
considered  poor  ground  and  pillars. 

Volume  of  Ore. 

Grade  of      Area  of   Volume  of      Cu  Ft.  =  50  Per  Tons  Ore. 

Thickness.        Ore           Body.          Body.          Cent,  of  Vol.  of  11  Cu.  Ft.       Tons       Elevation  of 

Ft.         Percent.      Sq.  Ft.         Cu.  Ft.                 Body.  to  Ton.          Pb.             Body. 

8.2  4.8  60,732  496,002  249,001  22,687  1,067         400.5^118.9 

Mining 
Location  of  Shafts  and  Hoisting 

Shafts  are  preferably  located  centrally  to  the  tributary  orebodies, 
and  should  be  at  a  point  where  the  sandstone — ^which  is  the  limiting 
lower  horizon  of  the  ore — ^is  lowest,  so  that  a  skip  pocket  may  be  cut 
— ^if  skips  are  used — and  a  pumping  sump  arranged  at  a  level  low 
enough  to  bring  both  ore  and  water  to  it  on  a  down  grade. 

In  earlier  days  the  hoisting  was  by  cages  and  cars,  but  the  use  of 
skips  is  becoming  more  general,  the  usual  practice  for  this  being 
double  skips  of  5  tons  capacity  with  loading  pocket  of  100  tons  or. 
more  and  loading  gates  operated  with  compressed  air.  Pockets  are 
usually  lined  with  steel  rails. 

Of  the  21  shafts  now  operating  in  the  district,  17  use  cages  and 
cars,  and  four  use  skips;  12  use  electric  hoisting  and  the  rest  steam. 
Average  rope  speeds  during  hoisting  are  in  the  former  case  800  to 
1,000  ft  per  minute  for  cages  and  500  to  550  ft.  per  minute  for  skips, 
while  with  steam  they  are  960  to  1,200  ft.  for  cages  and  500  to  800  ft. 
for  skips. 

Ore  Breaking 

Stopes  are  carried  for  the  full  height  of  the  orebody  and  the  broken 
ore  is  shoveled  from  the  flat  bottom  into  cars.  Where  the  ore  is  not 
thicker  than  8  ft.  the  stope  is  carried  by  breast  holes  from  drills 
mounted  on  columns.  If  top  and  bottom  of  the  stope  both  present 
good  bedding  planes  to  break  to,  the  stope  can  be  carried  with  two 
holes  up  to  a  7  ft.  height,  otherwise  three  holes  will  be  required. 
Where  three  holes  are  used  the  top  and  bottom  holes  are  in  the  same 
vertical  plane  and  the  middle  hole  is  set  forward  6  in.  nearer  the  face 
to  be  broken.  The  top  hole  looks  up  a  little,  the  middle  hole  looks 
down  just  enough  to  hold  water,  and  the  bottom  hole  also  looks  down 
a  little. 

All  the  holes  are  carried  approximately  parallel  with  the  face.  In 
starting  off  such  a  stope,  say  as  in  turning  around  a  pillar,  three 
short — 4  to  6  ft.  length — holes  are  drilled  as  a  cut  to  start  the  stope. 
The  average  length  of  regular  breast  hole  is  7  to  7.5  ft     For  stopes 
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too  high  to  break  from  a  column,  the  upper  part  is  carried  forward 
by  breast  holes  precisely  as  in  regular  column-high  ground,  and  the 
lower  portion  or  stope  is  broken  by  vertical  holes,  the  bottom  being 
trimmed  by  lifters.  Where  the  portion  below  the  breast  is  only  say 
10  ft  thick  it  will  be  broken  by  one  series  of  vertical  holes  of  7  to 
7.5  ft.  depth  and  the  remaining  3-ft  layer  taken  up  cleanly  by  flat 
holes  or  lifters.  These  flat  holes  ordinarily  look  down  only  sufficient 
to  hold  water  and  are  drilled  usually  to  10  ft.  length. 

This  same  procedure  is  followed  up  to  a  maximum  thickness  of 
say  14  ft.  for  this  portion  below  the  breast,  unless  the  floor  is  good 
to  break  to,  in  which  case  very  few  lifters  are  used  and  the  14  ft  is 
broken  in  two  successive  layers,  by  vertical  holes.  This  same  method 
of  carrying  forward  the  breast  and  then  breaking  the  lower  or  stope 
portion  by  breaking  in  layers  with  vertical  ho^ps  is  used  up  to  the 
extreme  heights  of  stopes,  which  sometimes  run  to  70  ft 

In  regard  to  spacing  for  holes  and  the  burden  to  be  carried,  where 
column-high  ground  is  being  carried  by  two  breast  holes,  the  burden 
is  usually  8  ft. ;  where  three  holes  are  used  the  two  back  holes  carry 
4  ft.  of  burden  and  the  middle  3.5  ft.  For  stope  holes  except  close 
to  pillars  the  spacing  is  approximately  8-ft.  centers  and  the  burden  5  ft 

In  loading  these  holes,  for  breast  work,  the  two  rear  holes  usually 
take  12  0.5-lb.  sticks  of  35  or  40  per  cent.,  1  J-in.  powder,  either  nitro- 
glycerine or  gelatine.  The  middle  hole  is  loaded  with  about  14 
sticks  or  7  lb.  and  is  fired  first.  In  stope  holes,  where,  as  is  often 
the  case,  three  holes  are  drilled  in  a  row  between  pillars,  the  two  end 
holes  are  each  charged  with  about  12  sticks  of  powder  and  the  middle 
with  18,  and  the  middle  hole  fired  first.  The  charge  for  the  lifters 
varies  but  in  general  is  much  lighter  per  foot,  as  the  burden  is  less 
both  in  point  of  measurement  and  because  of  its  shattered  condition. 

In  driving  the  breast,  care  is  exercised  in  pointing  the  upper  holes, 
to  avoid  breaking  into  and  burning  the  roof  or  back.  Loose  or 
dnimmy  portions  of  the  back  are  taken  down  by  flat  gads  or  moils, 
Qsing  black  powder  whenever  it  is  necessary  to  shoot  any  of  these 
portions. 

In  point  of  danger  from  roof  falls,  the  experience  is  that  tight  lime- 
stone is  the  safest  and  most  dependable  roof,  while  shaly  backs  are 
the  most  dangerous,  frequently  coming  down  without  warning,  espe- 
cially if  they  show  water  seepage.  Such  roofs  require  pillars  at  fre- 
quent spacing.  Also  it  is  often  necessary  to  take  down  the  roof  in  a 
manner  so  as  to  arch  it  between  pillars.  For  average  ground,  how- 
ever, pillars  are  spaced  about  30  ft.  between  circumferences  and  are 
fJi  18  ft  average  diameter,  representing  approximately  15  per  cent. 
^J  volume  of  the  total  ground  mined. 
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In  turning  pillars  the  holes  are  placed  so  as  to  shoot  away  from  the 
pillar  and  avoid  danger  of  shattering. 

Where  more  than  one  level  is  worked,  care  is  used  to  insure  that 
wherever  levels,  which  are  close  together,  overlap,  their  pillars  will 
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Fig.  4. — Map  of  a  Portion  op  a  Typicaii  One-Level  Mine. 

be  properly  centered,  the  upper  over  the  lower.  The  map.  Fig.  4, 
represents  a  portion  of  a  typical  one-level  mine  in  which  the  stopes 
vary  from  7  to  40  ft.  in  height. 
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Powder. 

The  balk  of  the  powder  used  is  40  per  cent,  gelatine  or  nitrogly- 
cerine with  some  35  per  cent,  gelatine ;  No.  6  caps  and  rubber-  or 
gutta  percha-covered  fuse  are  used. 

DrUls. 

Less  than  6  per  cent,  of  the  drills  of  the  district  are  now  run  with 
two  men,  and  it  is  probable  that  within  another  year  nothing  but 
one-man  drills  will  be  in  use.  The  type  first  adopted  by  those  com- 
panies who  changed  from  two-man  to  one-man  drills  was  the  Sullivan 
U.S.  2.25-in.,  and  there  are  still  more  of  those  drills  than  of  any  other 
in  use  in  the  district.  "Within  the  past  year,  however,  faster  cutting 
drills  than  even  the  2.25in.  Sullivan  have  been  sought,  and  as  a  result 
one  company  has  adopted  water  Leyners  throughout,  while  two  other 
companies  are  using  the  IngersoU  C-110  2.75-in.  butterfly-valve  drill 
for  a  large  part  of  their  work.  Attention  has  also  been  given  of  late 
to  the  large  amount  of  time  consumed  particularly  in  tripod  work  in 
setting  up,  even  with  the  one-man  drill,  and  several  of  the  companies 
are  therefore  beginning  now  to  use  hammer  drills  of  the  self-rotating 
type  for  down  holes  and  even  for  lifters.  These  hammer  drills  for 
holes  of  not  over  8  ft.  depth  will  drill  fully  as  fast  as  piston  drills  and 
no  time  is  consumed  in  setting  up,  while  the  air  consumption  is  only 
about  one-half  that  of  a  2.75-in  piston  drill. 

Steel  is  1-in.  octagon,  solid,  except  for  the  Leyners,  while  for  the 
hammer  drills  |-in.  hollow  steel  is  used.  The  sets  are  of  2  ft.  range 
from  2  to  12  ft.  for  piston  drills  and  2  to  10  ft.  for  hammer  drills. 
Machine  sharpening  is  quite  general  throughout  the  district,  using 
either  the  "  Z  "  bit  or  the  -f-  bit,  and  for  the  hammers  a  6-star  bit 

Up  to  1908  the  ore  was  either  broken  by  day's  pay  or  else  by 
contract  at  so  much  per  linear  foot  of  hole  drilled.  This  latter  system 
did  not  prove  satisfactory,  however,  as  great  care  was  necessary  to 
insure  accurate  measurement  of  the  holes,  and  it  was  also  found 
that  the  proper  tonnage  per  foot  of  hole  was  not  being  obtained,  the 
tendency,  even  with  close  supervision,  being  to  locate  holes  more 
with  reference  to  ease  in  setting  up  than  to  tonnage  they  would  break. 

In  the  fall  of  1908  the  system  was  introduced  by  the  Federal  Lead 
Co.  of  letting  small  contracts  of  two  or  more  stopes  to  suitable  men  at 
so  much  per  ton  for  breaking.  This  system  compared  to  day's  pay 
has  some  drawbacks  in  that  it  is  not  as  flexible  in  the  way  of  shifting 
the  work  from  place  to  place  without  notice.  Also  it  takes  some 
care  to  keep  proper  records  of  the  tonnage  pulled  for  each  contract, 
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but  on  the  other  hand  it  has  built  up  an  excellent  group  of  machine 
men  in  the  district,  who,  whether  as  contractors  or  as  employees  of 
these  contractors,  are,  by  skill  in  placing  holes  and  by  close  attention 
to  their  work,  able  to  earn  on  an  average  say  16  to  20  per  cent,  more 
than  the  prevailing  company  wage  of  (2.75  for  underground  drilling^ 
and  to  do  this  at  a  contract  cost  per  ton  that  is  fully  as  low  as  could 
be  obtained  by  company  day's  pay  operations  at  the  prevailing  wage. 

That  the  system  has  upon  the  whole  proved  satisfactory  both  to  the 
companies  and  the  machine  men  is  seen  from  the  fact  that  over  80 
per  cent  of  the  tonnage  of  the  district  is  now  broken  by  per-ton  con- 
tract, at  a  cost  for  labor  of  about  lie.  per  ton,  and  an  average  earn- 
ing— ^figuring  the  shifts  of  labor  into  the  amount  paid — of  close  to 
J3.25  per  man  per  shift.  A  large  item  of  labor  expense  in  connection 
with  ore  breaking  is  that  of  roof  miners  to  take  down  all  loose  rock  and 
keep  the  backs  safe.  This  is  taken  care  of  by  day's  pay.  Adding 
this  cost  to  the  11  c.  makes  a  total  of  approximately  14  c.  as  total 
drilling  labor  cost  per  ton. 

Consumption  of  air  and  of  powder  has  also  been  lessened  by  the 
contract  system,  as  more  skill  is  used  in  placing  holes  and  therefore 
more  tonnage  broken  per  linear  foot  of  hole.  Approximately  29  ft. 
of  holes  are  drilled  per  shift  per  single  machine  and  approximately  1 
ton  is  broken  per  ioot  of  hole. 

Power  costs,  as  compressed  air  for  drilling,  are  approximately  5  c. 
per  ton  and  explosives  8  c.  Air  is  distributed  to  the  drills  at  about 
80  lb.  pressure. 

Stopes  are  wherever  possible  arranged  so  that  if  the  ore  bed  has  a 
little  dip,  the  stope  approaches  it  from  the  lower  side  and  works  up- 
hill, so  as  to  ease  the  ore  haulage  and  keep  the  faces  or  headings  free 
of  water  without  the  use  of  heading  pumps,  which,  operating  as  they 
must,  on  compressed  air,  are  expensive.  Tracks  are  all  24-in.  gauge 
and  25-lb.  steel  is  the  usual  weight.  Ties  are  of  oak  4  by  6  in.  by 
4  ft.  and  are  spaced  2-ft.  centers. 

Development  Work 

Drifts  are  cut  7  ft.  high  by  8  ft  wide,  and  while  the  center-cut 
method  of  breaking  is  sometimes  used  it  is  chiefly  for  extra  wide  or 
10-ft.  drifts  for  double  track,  and  in  general  the  side-cut  method  is 
used.  In  this  method,  12  holes  are  usually  used.  This  will  square 
3.5  to  4  ft.     These  12  holes  are  made  up  thus  : 

First. — ^Four  holes  in  a  vertical  row  for  the  cut  with  a  depth  of  4 
to  6  ft,  collared  about  3  ft.  from  the  side  of  the  drift  and  looking  so 
as  to  meet  the  side  line  at  their  bottoms. 
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Second. — Three  holes  in  a  vertical  row,  collared  18  in.  behind  the 
cut  row.  These  look  less  sharply,  so  their  bottoms  are  30  in.  from 
the  side  wall.  These  average  7  ft  in  depth  so  as  to  gain  ground  in 
going  across  the  drift. 

Third. — Three  holes  in  a  vertical  row  close  to  the  far  wall  of  the 
drift  and  looking  parallel  therewith,  having  a  depth  of  8  to  10  ft. 
Then  in  front  of  these  three  holes  and  spaced  between  top  and  middle 
and  between  bottom  and  middle  are  two  relief  holes  of  same  depth, 
bat  looking  a  little  toward  the  cut  side. 

In  case  of  hard-breaking  ground  16  holes  are  sometimes  necessary, 
made  np  in  that  case  of  four  vertical  rows  of  four  holes  each.  The 
different  vertical  rows  are  fired  in  series  from  cut  side  to  square-up 
side.  This  gives  a  beveled  square-up  or  face  to  the  drift  and  the  next 
slice  is  taken  by  reversing  and  putting  the  cut  holes  on  the  opposite 
side. 

Raises  are  nearly  all  put  up  on  a  45°  to  60°  slope  following  the 
same  breaking  method  as  in  drifts,  usually  taking  16  holes  in  the 
raise.  These  raises  are  put  up  7  by  10  ft.  and  a  manway  is  then  par- 
titioned off  at  one  end  by  cutting  hitches  and  putting  in  8-  by  8-in. 
stulls  every  6  ft,  lining  this  with  2-in.  oak.  The  manway  is  provided 
with  a  ladder  or  preferably  a  stairway  and  the  end  is  closed  with 
entrance  at  the  side,  thus  avoiding  danger  to  the  loaders  below  from 
rocks  falhng  down  the  manway.  The  gate  at  the  bottom  of  the  chute 
is  usually  of  sector  type  operated  with  crank  arm  over  which  is 
placed  a  2.5-in.  pipe  for  leverage. 

Shoveling  and  Tramming. 

All  ore  in  the  district  is  shoveled  off  a  flat  bottom  into  cars,  which 
are  trammed  to  raises  and  dumped,  if  on  an  upper  level,  or  to  the 
shaft  if  upon  the  main  level. 

Fp  until  the  end  of  1912  nothing  but  hand  work  had  ever  been 
used  for  shoveling,  but  in  January  of  this  year  the  Federal  Lead  Co. 
introduced  mechanical  loading  in  a  trial  way  at  one  of  its  mines  and 
since  that  time  has  been  shoveling  with  this  mechanical  shoveler 
about  7,000  tons  per  month,  working  two  shifts  per  day.  This 
machine  is  the  No.  4  Myers- Whaley  shovel  made  in  Knoxville,  Tenn., 
and  was  first  described  at  length  in  Engineering  News^  Sept.  5,  1912. 
In  this  machine  there  are  two  distinct  operations  for  loading  and  con- 
veying. The  loading  element  has  a  forward  shoveling  or  thrusting 
movement  actuated  by  a  rotating  crank  and  as  the  crank  moves 
farther  it  lifts  the  shovel  through  the  material  until  the  shovelful 
slides  down  into  the  inner  or  rear  shovel.    As  the  crank  continues  to 
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rotate  the  rear  shovel  is  forced  backward  and  up  the  inclined  c,  l,;: 
way  until  finally  at  the  end  of  the  stroke  the  material  Ib  discbak^ 
upon  the  belt  conveyor  and  thence  to  the  car.     The  shoveling  ae 
is  continuous  and  automatic. 

The  accompanying  photographic  view,  Fig.  5,  gives  a  ge^ 
idea  of  the  machine  as  at  work.     It  is  improbable  that  it  will  e^  ; 


The  tonnage  shoveled  per  man  for  hand  shoveling  dependq 
ihe  supply  of  roek  and  the  condition  of  the  floor ;  it  averages  I 
district  abont  18  tons  per  man.  Long-handled,  round-pointea 
shovels  are  used  requiring  about  130  shovelfuls  to  fill  a  1-toaj 
15  ll>.  per  shovel.     The  cost  per  ton  for  shoveling  averages  13J 

Ore  cars  of  the  district  are  in  general  1-ton  cars  of  recta 
shape  with  flat  or  round  bottoms.    They  are  dumped  at  the  to] 


m 
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ing  by  tipple,  being  pushed  by  hand  either  into  the  tipple  or,  as  in 
case  of  Desloge,  by  air-  or  steam-operated  piston,  with  a  suitable  hook 
at  the  end  of  the  piston  to  hold  the  car  and  return  it  to  the  cage. 
Self-dumping  cages  of  the  type  frequentlylseen  in  coal  fields  are  used 
at  one  or  two  shafts  in  the  district. 

The  power-dumped  cars  are  usually  a  little  larger  than  those  for 
hand  tipple  dump,  being  of  1.5  to  1.75  tons  capacity.  Cars  of  "  A '' 
dump  model  of  1.4  tons  capacity  are  used  at  the  Federal  for  dumping 
into  pockets  for  skip  hoisting. . 

Gages,  where  used,  go  to  solid  landing  at  bottom  and  rest  upon 
chairs  at  top  landing,  the  latter  being  pushed  in  and  out  by  lever. 

In  the  matter  of  car  wheels  and  bolsters,  the  styles  are  not  uniform 
throughout  the  district  but  the  practice  at  the  Federal  may  be  taken 
as  fairly  typical.     Two  types  are  there  used : 

First — ^Roller-bearing  bolsters  with  cast-iron  wheels  sufficiently 
open  at  the  spokes  to  permit  spragging  on  down  grades  by  inserting 
a  2-ft  length  of  1.25-in.  pipe.  These  run  with  little  friction  and  in 
that  respect  are  the  most  satisfactory.  Further,  once  packed  with 
cup  grease  they  require  no  more  attention  for  oiling  for  three  months 
or  more.  For  miscellaneous  work,  however,  where  the  grades  are 
frequently  over  8  per  cent,  these  cast-iron  wheels  are  liable  to  break 
by  spragging  under  loaded  train,  and  for  such  ground  the  second 
type  is  used. 

Second. — Cast-iron  bolsters,  whicn  are  bored  out  to  fit  2-in.  axles 
but  are  not  babbitted,  and  manganese-steel  wheels  with  axle  put  on 
by  hydraulic  pressure.  The  axle  is  held  in  place  in  these  bolsters  by 
a  fork  and  the  bolster  has  a  sump  or  oil  cellar  from  which  oil  fiows 
to  each  axle,  using  Summer  black  oil. 

Mules  are  in  general  used  only  in  gathering  cars  from  the  head- 
ings, while  for  haulage  to  the  shaft,  particularly  where  the  distance  is 
great,  power  haulage  is  used.  At  the  Federal  and  St.  Louis  Smelting 
4  Refining  Co.  (National)  electric  haulage  is  used  exclusively;  250- 
volt  direct-current  locomotives,  mostly  6-ton  size,  are  used,  and  are 
run  either  single  or  double  header  according  to  the  train  load.  At 
the  St  Joseph  and  Doe  Run,  Porter  high-pressure  air  locomotives  are 
used,  varying  in  size  from  4  to  9.5  tons  weight.  Some  gasoline  loco- 
motives are  also  in  commission.  At  Desloge  gasoline  locomotives 
are  used  exclusively  for  power  haulage  underground,  the  Desloge 
being  the  first  to  adopt  gasoline  haulage  in  the  district. 

Tramming  costs,  underground,  for  gathering  with  mules  and  haul- 
age to  shaft,  average  about  5  c.  per  ton  exclusive  of  track  work. 


▼OL.  XIiYin.- 
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Lighting 

Lighting  underground  at  stations  and  along  drifts  is  by  electric 
incandescent  lamps.  For  individual  lights  for  the  men  "  sunshine  " 
is  used  exclusively.  About  three  years  ago  an  economy  in  the  use  of 
this  material  was  introduced  by  the  Federal  company,  which  arranged 
with  the  manufacturers  to  mold  this  into  briquettes  of  a  size  to  last 
8  hr.,  thus  avoiding  the  waste  incident  to  dealing  this  out  in  bulk. 
The  size  is  usually  one  brick  of  12  oz.  for  shovelers  and  machine 
men  and  1.5  bricks  to  drivers,  and  hand  miners  who  do  more  traveling. 

Drainage 

The  amount  of  water  pumped  from  the  mines  is  greater  in  the 
spring,  but  the  year's  average  for  the  district'  is  about  12,500  gal. 
per  minute  under  an  average  friction  and  static  head  of  500  ft. 
The  tendency  for  pumping  as  for  other  large  power  requirements  is 
to  centralize  power  generation  and  distribute  power  electrically,  but 
progress  in  this  respect  has  not  gone  as  far  in  the  case  of  mine  pump- 
ing, so  that  at  the  present  time  the  bulk  of  the  water,  that  is  to  say 
approximately  8,000  gal.  per  minute,  is  still  handled  by  steam  pumps, 
while  3,000  gal.  per  minute  is  pumped  by  motor-driven  centrifugals, 
usually  five  stage,*  and  1,500  gal.  per  minute  by  motor-driven  geared 
plunger  pumps,  triplex  or  quadruplex.  Most  of  the  steam  pumps 
are  duplex  tandem-compound  with  jet  condensers,  with  one  or  two 
fly-wheel  pumps,  the  latter  being  naturally  more  efficient.  On  the 
whole,  however,  the  steam  pumping  will  not  show  an  efficiency  over 
45  per  cent,  carried  back  to  the  boiler. 

The  centrifugal  pumps  will  average  about  55  per  cent,  efficiency, 
similarly  considered,  and  the^  geared  plunger  pumps  not  over  75  per 
cent,,  so  that  the  pumping  for  the  district  as  a  whole  shows  about  50 
per  cent,  efficiency  carried  back  to  the  boiler.  This  figures  a  power 
consumption  operating  continuously  of  approximately  8,200  h-p.  or 
about  7  h.p-hr.  per  ton  of  ore  on  the  1912  production,  making  a 
drainage  cost  for  the  district  of  about  8  c,  per  ton  including  labor, 
supplies,  and  repairs. 

Power 

Considerable  progress  has  been  made  during  the  past  few  years  by 

the  operating  companies  in  the  way  of  centralizing  power  generation. 

The  St  Joseph  and  Doe  Run  each  have  central  power  plants  with 

*  Compiled  from  information  given  by  the  managers  of  the  different  operating  com- 
panies. 

•  By  April,  1914,  approximately  2,500  gal.  per  minute  now  pumped  by  steam  will  be 
handled  by  motor-driven  geared  triplex  or  quadruplex  plunger  pumps. 
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Loorais-Pettibone  and  Westinghouse  gaa  producers,  and  double-acting 
twin-tandem  Snow  horizontal  gas  engines  direct  connected  to  6,600- 
volt,  three-phase,  50-cycle  generators,  and  distribution  is  made  at  that 
voltage.  In  addition,  the  St  Joseph  has  steam  turbines  both  high 
pressure  and  mixed  pressure,  and  Corliss  compound,  condensing  recip- 
rocating engines. 

The  Federal  has  one  central  power  plant  using  chain  grate  stokers 
and  Curtis  turbines,  current  being  distributed  at  2,200  volts,  three 
phase,  60  cycles ;  also  some  auxiliary  steam  plants  for  pumping,  air 
compressing,  and  hoisting. 

The  National  central  power  plant  uses  underfeed  stokers,  recipro- 
cating engines,  direct-current  generators,  and  distributes  at  500  volts. 

The  Desloge  uses  chain  stokers  and  reciprocating  engines  direct 
connected  to  the  mill. 

Coal  comes  from  various  points  in  Illinois,  costing  on  mine  run 
base  90  c.  to  $1.10  to.b.  mines  with  freight  rates  from  70  to  90  c.  per 
ton. 

Total  power  consumption*  for  the  district  averages  about  10,000,000 
h.p-hr.  per  month,  and  figuring  this  in  horsepower-hours  per  ton  of  ore 
mined  and  milled  gives  80  hr.,  the  distribution  being  about  as  follows : 

Air  oompreasing 6.5 

Drainage 7.0 

Undergroaiid  haulage 0.8 

Hoigting. 1.2 

Gmahingand  miUing 13.0 

Lighting. 1.0 

Heating  and  liEiiaoellaneous......* 0.5 

Total 30.0 

In  the  matter  of  coarse  crushing,  the  St.  Joseph,  Doe  Run,  and 
Desloge  crush  to  about  4-in.  size,  with  gyratories  at  each  shaft,  before 
hauling  to  mill,  while  at  Federal  and  National  all  crushing  both 
coarse  and  fine  is  done  at  the  mill. 

Surface  transportation  from  shafts  to  mills  is  done  by  standard- 
gauge  steam  railroads.  The  Federal,  Desloge,  and  liTational  each 
have  a  railroad  of  their  own  for  haulage  service  only,  while  the  St. 
Joseph  and  Doe  Run  control  a  railroad  of  about  60  miles  length 
which,  in  addition  to  ore  service,  does  a  general  freight  and  passen- 
ger business. 

*  Compiled  from  information  given  bj  the  managers  of  the  different  operating  com- 
panies. 
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Acreage  Mined. 

Approximately  540  acres  of  ground,  excluding  pillars,  has  been 
sloped  since  the  commencement  of  mining  in  the  district,  of  which 
about  285  acres  was  mined  from  1869  to  1907,  and  about  255  acres 
from  1908  to  1912,  inclusive.  During  the  past  few  years  the  number 
of  tons  of  crude  ore  per  acre  mined  has  averaged  for  the  district 
about  75,000.* 

Mining  CostSy  Tons  per  Man^  Etc. 

Costs  per  ton  for  crude  ore  mined  and  delivered  to  mill  bins  aver- 
age about  85  c.  for  the  district,  exclusive  of  diamond  drilling  and 
other  prospecting,  which  is  variable  with  the  different  companies  and 
may  range  from  5  to  15  c.  per  ton. 

Tons  per  man  for  all  underground  labor  averages  about  5.7,  dis- 
tributed about  as  follows : 

Claasiflcatlon.  Tons  per  Man. 

Superintendent,  foremen  and  bosses « 195 

Stablemen 650 

Male  driyera. 55 

Motormen 500 

Gatemen  and  chute  tenders. 400 

Spraggers  and  car  dumpers. 400 

Blacksmiths  and  helpers. 500 

Trackmen.... 100 

Hand  miners  (for  Safety  of  roofs) 90 

Blasters. 800 

Cagers  and  landers 180 

Watchmen,  car  cleaners  and  yardmen ■.  250 

Machine-drill  men. r 29 

Shovelers 18 

Miscellaneous 200 

Average  for  total  undeiground  labor.  * 5.7 

The  crude-ore  output  as  tons  per  man  for  all  employees  of  the  five 
operating  companies,  for  prospecting,  mining,  and  milling  was  2.96 
for  the  year  1911;  *  for  1912  the  State  report  will  doubtless  show  a 
little  higher,  due  largely  to  progress  in  the  way  of  centralizing  oper- 
ations, particularly  power  generation,  milling,  and  hoisting. 

*  Compiled  from  information  given  by  the  managers  of  the  different  operating  ooji- 
panies. 

*  According  to  the  TwerUy-Jiflh  Annual  Repoti  of  the  MisMvri  Bureau  of  Ifines. 
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Discussion 

William  Whaley,*  Knoxville,  Tenn. — Reference  is  made  in  Mr. 
Guess's  paper  to  the  Myers-Whaley  Co.  shoveling  machine,  and  the  opin- 
ion is  expressed  that  '4t  is  improbable  that  it  will  ever  be  found  profitable 
to  use  this  mechanical  shovel  except  in  stopes  20  ft.  or  more  in  height, 
as  in  the  lower  stopes  the  small  size  of  the  piles  of  broken  rock  would 
render  necessary  the  frequent  moving  of  the  shovel."  It  is  also  stated 
that  it  is  doubtful  if  average  per  ton  cost  of  shoveling  is  any  lower  than 
by  hand. 

I  think  that  further  data  should  be  given,  as  I  do  not  agree  with  either 
of  Mr.  Guess's  conclusions  above.  The  shoveling  machine  is  very  port- 
able and  moves  under  its  own  power  from  one  place  to  another  in  a  few 
minutes,  usually  between  5  and  10  min.,  and  to  get  profitable  operation 
in  low  mines  it  is  only  necessary  to  provide  more  places  for  the  machine. 
If  there  are  enough  working  places  averaging,  say,  only  20  tons  per  place 
within  a  distance  of  600  ft.  of  each  other  to  make  an  output  of  150  tons 
per  shift,  the  operation  is  profitable.  For  instance,  a  20-ton  place  would 
be  loaded  out  in  half  an  hour,  and  moving  to  a  second  place  600  ft.  distant 
would  consume  15  min.,  or  a  place  and  a  move  in  45  min.  Assuming  a 
loss  of  2  hr.  per  day  from  incidental  causes,  car  delay,  track,  etc.,  the  num- 
ber of  places  worked  per  day  would  be  eight,  or  160  tons.  The  machine 
is  run  by  one  man,  two  men  shift  the  cars,  and  a  fourth  cleans  up  and  helps 
generally;  total  labor  cost  is  $9.80,  or  6.1c.  per  ton,  which  certainly 
should  show  a  reasonable  profit  compared  with  13c.  per  ton  by  hand. 

The  tracks  should  be  solid  and  well  supported  and  the  cost  per  ton 
of  laying  track  is  more  in  low  stopes  than  in  higher,  increasing  in  inverse 
ratio  to  height  of  stope,  but  that  is  the  only  item  of  cost  which  is  increased 
with  moderately  low  workings.  This  track  cost  increases  for  hand  shovel- 
ing as  well  as  for  machine  shoveling.  At  the  Flat  River  mines,  the  gauge 
of  track  is  24  in.  It  is  necessary  to  use  outside  rails  for  the  machine  at  the 
working  face,  making  four  rails  for  each  track  for  a  distance  back  of 
about  30  ft.  If  wider  gauge  track  were  used  the  cost  of  track  laying  for 
the  machine  would  be  materially  reduced,  and  a  marked  increase  in  effi- 
ciency would  follow.  In  coal,  iron-ore,  and  rock-salt  mines  it  is  usual 
to  find  track  gauges  of  36  to  44  in.  In  these  mines  it  is  easier  to  get  a 
solid  track,  for  the  ties  are  not  so  high  above  the  solid  bottom  as  is  the 
case  in  the  Flat  River  mines. 

The  cost  of  track  laying  at  Flat  River  is  possibly  such  as  to  make  the 
use  of  machines  tmprofitable  to  the  Federal  Lead  Co*,  in  stopes  less  than 
20  ft.  high,  as  the  company  pays  a  contract  price  for  the  material  loaded 
by  machine,  which  price  was  intended  to  nearly  approach  hand  cost. 

*  Non-member. 
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The  machine  at  Federal  is  operated  by  a  contracting  company  which 
owns  the  machine  and  loads  ore  at  a  price  of  10c.  per  ton  for  the  machine 
and  one  operator  per  shift.  This  company  is  making  a  profit  of  $250 
to  1300  per  month  above  cost  of  upkeep  and  operation,  despite  the  fact 
that  the  cost  of  operation  is  high  because  the  company's  headquarters  is 
several  himdred  miles  away  and  it  is  necessary  to  have  a  high-priced  man 
in  charge  of  the  machine,  one  who  is  competent  to  attend  to  any  repairs 
that  may  be  needed.  It  costs  the  contracting  company  $9  per  two-shift 
day  for  operators,  whereas  if  the  machine  were  owned  by  the  mining  com- 
pany the  operators  would  be  paid  about  $2.75  each,  or  $5.50  per  day  of 
two  shifts,  the  mine  master  mechanic  then  carrying  the  responsibility  of 
mechanical  attention. 

As  an  example  of  the  use  of  machine  in  comparatively  low  headroom, 
I  give  some  data  of  a  machine  at  work  in  the  rock-salt  mines  at  Retsof , 
N.  Y.  This  seam  is  8  ft.  thick,  and  the  machine  has  averaged  a  loading 
of  250  to  300  tons  per  shift  (about  twice  the  output  at  Flat  River).  The 
cost  is  about  4ic.  per  ton.  This  tonnage  is  only  possible  where  a  large 
quantity  of  material  can  be  shot  down,  which  of  course  is  very  much  sim- 
pler in  coal  or  salt  than  in  rock.  The  upkeep  of  the  machine  at  Retsof 
is  0.7c.  per  ton  of  salt  loaded.    The  mining  conditions  are  as  follows: 

Width  of  working  places,  30  ft.  Thickness  of  seam,  minimum,  5  ft.; 
maximum,  10  ft.;  average,  8  ft.  No  impurities.  Track  gauge,  36  in. 
Roof,  salt  and  shale.  Working  places  dry.  No  timber  is  used.  Drilling 
is  done  with  rotary  electric  drills.  Power,  250  volts,  D.  C.  Salt  is  shot 
loose  in  fine  and  blocks.    Cars  hold  about  3|  tons. 

The  points  to  be  noted  are  that,  generally  speaking,  the  machines  are 
applicable  to  comparatively  low  mine  workings,  and  can  be  profitably 
employed  wherever  sufficient  tonnage  can  be  shot  loose,  either  in  big  piles 
or  in  a  number  of  smaller  piles  in  adjacent  territory. 
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DriOiiig  Puformaiicos  at  the  Ken^co  Dam,  Catskitl  Aqueduct  System, 
New  York 

BT  W.  L.  BAUNDBBS,  HBW  TOBK,  A.  T. 
(Nm  York  MMtiDs,  Fabnuijr,  1014) 

General  Deseriplion  of  the  Work 

When  work  was  be^un  in  September,  1910,  oa  the  rock  excavation  for 
the  foundation  of  the  gigantic  dam  at  Valhalla,  N.  Y.,  which  is  to  convert 
Keosico  lake  into  an  important  storage  reservoir  of  the  Catskill  Aqueduct 


Fia.  1. — Sttb  of  the  New  Kenbico  Dau. 
Part  of  the  old  Keneico  Dam  &t  Extreme  Left. 

eystem,  one  of  the  first  steps  taken  by  the  contractor,  H.  S.  Kerbaugh, 
Inc.,  was  tiiB  development  of  a  quarry  to  supply  the  stone  needed  in  the 


construction  work.  The  importance  of  a  bountiful  supply  of  suitable 
rock  in  an  accessible  location  is  apparent  when  it  is  considered  that  nearly 
a  million  cubic  yards  of  cyclopean  masonry  will  be  contained  in  the  com- 
pleted structure,  not  to  mention  dimension  and  facing  stones,  concrete 
blocks,  and  mass  concrete. 

The  dam  structure  will  be  over  1,800  ft.  long  and  about  170  ft. 
above  the  present  river  bed.  However,  for  a  distance  of  some  800  ft., 
it  will  be  carried  down  to  solid  ledge  rock,  which  will  make  the  finished 
structure  about  300  ft.  in  maximum  height.  It  will  be  about  200  ft. 
thick  at  the  base  and  directly  beneath  the  coping  it  will  be  28  ft.  thick. 

This  dam  will  raise  the  reservoir  surface  110  ft.  above  old  Kensico 
lake.  The  reservoir  capacity  will  be  29,000,000,000  gal. — equal  to  New 
York's  total  needs  for  over  two  months. 

The  contract  price  for  this  work  is  nearly  $8,000,000  and  is  second  only 
in  amount  to  the  cost,  over  $12,600,000,  of  the  Ashokan  Reservoir  work. 
Fig.  1  is  a  view  of  the  dam  site 

The  Quarry 

The  quarry  site  is  about  a  half  mile  away  from  the  dam.  The  rock 
is  a  clean  and  practically  flawless  gneiss  having  a  tendency  toward  granite. 
In  some  places,  however,  it  is  seamy,  presenting  more  or  less  difficulty 
to  drilling,  but  in  the  main  it  is  hard  and  solid.  The  rock  surface  is 
fairly  level,  affording  a  good  footing  for  the  drilling  apparatus. 

Thirty  tripod  drills  and  four  drill  wagons,  all  of  the  electric-air  type, 
were  purchased  for  this  work,  but  the  drilling  has  progressed  so  rapidly 
that  enough  holes  have  been  put  in  to  supply  rock  for  a  year  or  two, 
consequently  most  of  the  drills  and  operators  have  been  laid  off  and  only 
a  few  tripod  drills  and  the  four  drill  wagons  are  in  operation  at  the  present 
time. 

Tracks  run  from  the  quarry  directly  to  the  dam  site;  a  main  line 
with  several  branches  has  been  cut  into  the  various  parts  of  the  quarry. 
The  drills  are  mounted  on  the  high  rock  adjacent  to  these  cuts  and  put 
in  rows  of  holes  parallel  with  the  tracks,  all  bottoming  at  a  common 
level.  After  the  holes  are  drilled  to  depth,  wooden  plugs  are  inserted  to 
keep  dirt  from  entering  them.  (See  Fig.  2.)  A  great  number  of  holes 
are  shot  simultaneously,  loosening  up  a  large  area  of  rock  at  a  single 
blast,  as  shown  in  Fig.  3.  The  rock  is  removed  and  placed  on  flat  cars 
by  90-ton  steam  shovels,  which  advance  along  the  track  after  the  blast. 

Stone  of  suitable  size  is  removed  bodily  and  imbedded  in  the  concrete 
at  the  base  of  the  dam  and  in  the  dam  structure.  The  remaining  rock  is 
conveyed  to  a  large  rock-crushing  plant  located  adjacent  to  the  quarry, 
where  it  first  goes  through  a  gigantic  jaw  crusher,  then  through  smaller 
crushers,  is  screened/ falls  by  gravity  into  dump  cars  and  is  transported 
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Fig.  2. — A  Battcbx  of  Holes  in  the  Qtabbt  Readt  fob  Blaatimo. 


FlO.  3. AlTSB  A  B1.ABT  AT  THB  Qdabbt. 
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to  the  dam.    The  large  jaw  crusher  was  designed  to  crush  exceptionally 
large  stones,  thus  avoiding  considerable  labor  incident  to  pop-shooting. 

Power 

Electric  power  operates  all  of  the  apparatus  at  both  dam  and  quarry, 
excepting  the  locomotives  and  steam  shovels.  The  transmission  line  for 
the  three-phase,  60-cycle,  66,000-volt  alternating  current  extends  about 
4  miles,  from  Yonkers  to  a  sub-station  near  the  reservoir  site,  following 
the  Aqueduct  right-of-way.  The  sub-station  contains  six  transformers 
which  reduce  the  voltage  to  2,200.  Pole-type  transformers  of  either 
488  or  244  volts  are  employed  for  stepping  down  the  current  for  the 
machines.  The  wires  are  carried  along  the  ground  to  the  individual 
drilling  machines. 

Locomotives  and  cars  are  used  mainly  for  conveying  the  material. 
Traveling  cranes,  operating  on  parallel  tracks,  place  the  building  material. 
Each  traveler  has  two  derricks  equipped  with  geared  electric  hoists. 
There  are  eight  travelers  which  operate  on  different  sections  of  the  struc- 
ture in  batteries  of  four.  The  two  interior  tracks  for  the  travelers  and 
two  exterior  tracks  for  the  cars  are  supported  on  concrete  piers. 

The  dam  site  has  been  spanned  by  two  10-ton  aerial  tram  cableways, 
each  1,860  ft.  in  length,  the  towers  for  which  are  seen  in  the  background 
of  Pig.  1.  These  are  employed  in  an  auxiliary  capacity,  principally  to 
set  the  concrete  block  piers  for  the  tracks  and  to  raise  the  tracks  as  the 
work  progresses. 

• 

Performance  of  Electric- Air  Drills 

It  was  desired  to  determine  the  cost  and  speed  of  drilling  operations 
at  the  dam  and  quarry  and  for  this  purpose  time  studies  were  undertaken 
by  the  Construction  Service  Co.  during  the  early  part  of  the  summer  of 
1913. 

In  general,  the  electric-air  drill  (Pig.  4}  consists  of  two  units,  the  drill 
proper  and  the  pulsator.  In  appearance  the  drill  closely  resembles  the 
compressed-air  drill  of  corresponding  size,  having,  however,  a  cylinder 
somewhat  larger  in  diameter  and  with  a  shorter  piston.  It  is  mounted  in 
the  usual  manner  upon  a  tripod.  The  pulsator  alternately  furnishes  air 
to  either  end  of  the  drill  cylinder  and  the  same  air  is  used  over  and  over 
again  in  a  closed  circuit.  Two  lengths  of  rubber  hose  connect  pulsator 
and  drill,  each  acting  alternately  as  supply  pipe  and  exhaust.  The  pul- 
sator is  geared  to  a  small  alternating  current  motor,  both  mounted  on  a 
rigid  truck  to  facilitate  handling.  Pulsator,  motor,  and  truck  weigh 
about  800  lb. 

The  ordinary  air  or  steam  driven  rock  drill  takes  a  full  cylinder  of 
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air  at  steam  at  full  pressure  for  each  stroke,  and  exhausts  to  atmosphere 
at  practically  full  pressure.  No  advantage,  therefore,  is  taken  of  the 
expanaiye  properties  of  the  actuating  fluid,  which  results  in  a  certain 
amount  of  power  being  wasted  without  accomplishing  useful  work. 
The  closed  ^stem  of  the  eleotric-air  drill,  however,  is  filled  with  air  under 
a  low  pressure,  and  this  lur  is  never  exhausted,  so  that  the  expansive 
effect  is  turned  directly  to  profitable  account.    Leakage  is  provided  for 


Fra.  4, — Electbic-Aib  Drlli«  Puttino  in  Holbb  fob  the  Ctjt-Ott  Trench  at 

THE  Up-Stbeaii  Side  or  the  Dam. 

CltBiigiiig  Bt«els  OD  the  Drill  in  the  foreground. 

by  a  compensating  valve  on  the  pulsator  which  automatically  keeps  the 
volume  (^  air  in  the  system  constant.  The  drill  has  no  chest  nor  valves 
and  the  pulaator  has  neither  operating  valves  nor  water  jacket. 

The  drills  observed  are  known  ae  Temple-Ingersoll  Type  5-F,  and 
the  pulsators  are  driven  by  motors  rated  at  about  5  h.p.,  operating  on 
14.6  amperes  at  220  volts.  The  cylinder  diameter  is  5f  in.  and  the  length 
of  stroke  8  in.    The  length  of  feed,  or  depth  of  hole  that  can  be  drilled 


60  DBILLINO  PEBFORHANCBS  AT  THB  EEN8IC0  DAM 

without  change  of  bit,  is  30  in.,  but  during  observation  the  bits  were 
usually  changed  after  about  25  in.  had  been  drilled.  The  strokes  per 
minute  were  about  400  at  full  speed. 

The  drills  were  operated  and  handled  by  the  drill  runner  and  one 
helper  and  moving  was  accomplished  by  hand.  The  method  of  dis- 
mantling is  about  the  same  as  with  the  ordinary  tripod  drill  except  that 
in  the  case  of  the  electric-air  drills  there  is  the  added  weight  of  the 
mounted  motor  and  pulsator  to  be  moved. 

The  diameter  of  the  starting  bits  was  3^  to  4  in.  and  decreased  i  in. 
for  each  succeeding  length  of  steel  down  to  If  in.  for  the  deepest  holes. 
The  steels  varied  from  2  ft.  6  in.  to  28  ft.  8  in.  The  steels  were  octagonal 
in  section,  from  1}  to  1^  in.,  with  square  cross  bits.  The  shorter  steels 
were  handled  by  one  man  and  the  longer  ones  by  the  driller  and  helper, 
sometimes  with  the  aid  of  a  hook. 

Two  forms  of  chuck  were  observed,  one  a  bolted  chuck,  and  the  other 
consisting  of  a  sleeve  sliding  on  a  tapered  key  and  bearing  directly  on 
the  drill  steel.  The  time  required  to  insert  the  steel  in  the  chuck  and  to 
tighten  the  chuck  was  considerably  greater  in  the  case  of  the  former  type 
than  in  that  of  the  sleeve  type,  as  noted  in  the  time  study  made  at  the 
quarry.    Both  types  appeared  to  be  equally  eflScient. 

The  spacing  of  holes  at  the  quarry  varied  from  15  by  12  ft.  to  20  by 
20  ft.  The  holes  were  all  vertical  and  varied  in  depth  from  10  to  26  ft. 
The  number  of  holes  shot  at  the  quarry  depended  upon  the  quantity  of 
rock  needed  in  the  construction  work.  Generally,  the  method  employed 
for  cleaning  the  holes  was  to  pour  water  into  them  and  bail  out  with 
sand  pumps  when  changing  steels. 

The  sharpening  shed  at  the  quarry  was  situated  some  distance  from 
many  of  the  drills  in  operation,  hence  there  were  occasional  delays  in 
receiving  sharpened  steels,  during  which  time  some  of  the  drills  were 
idle.  The  steels  were  sharpened  by  hand  at  the  dam  and  by  a  Leyner 
drill-sharpening  machine  at  the  quarry. 

The  smith's  work  consisted  of  sharpening  the  drills  and  also  included 
other  repair  work.  He  estimated  that  75  per  cent,  of  his  time  was  devoted 
to  the  drill  steels.  The  estimate  of  coal  burned  by  the  smith  was  500  lb. 
per  day. 

Sticks  of  60  per  cent.  Dupont  d3rnamite,  1}  in.  in  diameter  by  about 
8  in.  in  length,  weighing  12  oz.,  were  used.  Dupont  exploders  were  em- 
ployed. The  blasting  charge  at  the  quarry  was  calculated  to  average 
about  i  lb.  of  dynamite  per  cubic  yard  of  rock.  The  charge  was  set 
off  by  means  of  electricity.  The  blasting  gang  on  the  day  of  observation 
consisted  of  one  loader  and  two  tamper& 

The  oil  consumption  of  the  drills  was  about  3  quarts  each  per  shift. 
The  power  consumption  was  from  30  to  40  kw-hr.  per  drill  per  shift. 
There  was  one  8-hr.  shift  per  day. 
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Time  Study  of  Drilling  Performance  of  Electric-Air  Tripod  Drills  at  the 

Quarry 

ObeervationB  recorded  in  minutes  and  seconds 


1 

No. 

of 

obs. 

Minimum 
M  S 

Average 
M  S 

Maximum 
M  S 

■ 

Actual 
i'  [time]  J 
^M  SJ 

Consumed 
time  per 
cent,  of 

total  time 

Drill  catting 

16 

15 

7 

3 

12 

11 

12 

16 

6 

10 

17 

5-10 
0-05 
(H)2 
1-06 
0-03 
0-45 
0-10 
0-10 
0-O5 
0-38 
0-00 

14-18 
1-05 
0-11 
1-27 
0-32 
1-23 
0-22 
0-23 
0-10 
0^-53 
1-01 

23-28 
1-59 
0-45 
1-46 
1-54 
2-00 
0-55 
0-40 
0-20 
1-20 
6-23 

228-54 

16-13 
1-16 

(4-20)c 
6-26 

15-10 
4-20 
6-12 
l-OO 
8-46 

17-13 

51.1 

3.6 

Loosening  chuck  a.. . . 

6. ... 

Removing  bit 

Bailing  hole 

0.3 

.... 

1.4 

3.4 

Putting  bit  in  hole 

Inserting  bit  in  chuck . 
Tightening  chuck  a. . . 

6.. . 
Getting  started 

1.0 
1.4 
0.0 
2.8 
3.2 

Cyde  totals 

a-44 

35-32 

0-30 

21-45 

52-00 

6-17 

41-30 
60-00 
25-40 

305-30 
73-18e 
60-05 

68.2 

Shifting  drill 

4d 
11 

16.4 

Miscellaneous  delays . 

15.4 

Total 

.447-53 

100.0 

Lmear  feet  drilled,  31  ft.;  average  depth  of  holes,  22  ft.;  total  working  time,  7  hr. 
27min.  53  sec. 

a  Sleeve  chuck. 

h  Bolted  chuck. 

c  This  figure  is  not  included  in  "Cycle  Total"  for  this  operation  was  performed 
by  one  man  at  the  same  time  that  the  other  man  was  raising  the  drill. 

d  During  one  observation  a  nearby  derrick  assisted  in  moving  the  drill,  saving 
several  minutes. 

e  Inasmuch  as  a  shift  was  made  after  every  22  ft.  of  hole  the  time  for  shifting 
properly  charageable  is  f^  X  52  »  73  — 18.  Several  observations  were  taken  simul- 
taneously on  different  drills  to  ascertain  a  fair  average  time  required  to  shift  before 
dedding  upon  52  min.  as  the  average. 

From  the  above  table  it  appears  that  the  average  cutting  speed  was 
0.135  ft.  per  minute.  The  ratio  of  cutting  time  to  total  time  was  0.511 
and  the  ratio  of  idle  time  (including  the  time  for  shifting  drills)  to  cycle 
time  was  0.467. 

Based  on  the  above  performance  at  the  quarry,  the  following  costs 
per  linear  foot  drilled  and  per  cubic  yard  loosened  have  been  deduced: 
1  drill  cut  31  ft.  in  447  min.  53  sec.;  equivalent  to  200  ft.  by  6  drills  in 
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including   interest  and  depreciation.    On  the  same  basis  of  costs,  the 

$50.65 
performance  at  the  pit  would  be  at  the  rate  of  ""ooh"  ~  l^-^  c.  per  linear 

foot,  as  against  25.33  c.  at  the  quarry.  Of  course,  for  comparative 
purposes,  the  blasting  costs  should  be  omitted,  inasmuch  as  the  amount  of 
powder  per  linear  foot  would  be  much  lower  at  the  dam,  due  to  the 
closer  spacing  and  lighter  loading  of  the  holes. 

For  similar  reasons,  and  because  of  the  irregular  spacing  at  the  pit, 
there  would  be  little  value  in  a  comparison  of  costs  per  cubic  yard 


6 


w    //    '/    '/   "    ft   //   /»  '/    n    «   '/ 


6 


6 


6  16 


«  10  16 


(KHKK)0()$OC)d)(KK>0 


6 


6 


6 


6 


^)^ 


o 


+ 


o 


Fig.  6. — Approximate  Spacing  op  Holes  in  Tbench  fob  Dam  Footing. 

excavated.  The  cost  per  linear  foot  drilled  is  less  at  the  pit  than  at 
the  quarry  for  the  reasons  that  the  cutting  speed  was  greater  and  the 
ratio  of  cutting  time  to  total  time  was  greater. 

Electric- Air  Drill  Wagcms 

The  electric-air  drill  ttragons  are  putting  in  holes  averaging  about 
40  ft.  in  depth.  The  holes  are  started  at  5  in.,  and  bottom  at  Z\  in.  A 
cross  bit  is  used. 
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The  drill  wagon  (Fig.  6)  is  supported  on  heavy  plaoks  placed  on  the 
gronnd,  so  that  it  is  a  very  simple  matter  to  advance  the  wagon  when  a 
new  set  of  holes  is  to  be  put  in.  Several  holes  may  be  drilled  at  one 
settii^  of  the  wagon  as  the  drill  meehanism  is  mounted  on  a  circular 
rotatable  platfonn,  allowing  boles  to  be  put  in  on  either  side  and  beyond 


Fio.  6. — One  or  thb  Elbctric-Aib  Drill  Waoons  at  thb  Qd&rbt. 

the  end  of  the  w^on.  The  drill  wagon  baa  a  vertical  power  feed  <rf  6 
ft.,  the  drill  traveling  up  and  down  in  vertical  guides,  while  a  lighter 
and  higher  frame  is  used  as  a  hoist  for  the  steels.  It  takes  them  out  of 
the  hole  at  a  single  lift,  excepting  the  very  longest  steels.  The  drill 
cylinder  is  7  in.  in  diameter,  7  in.  stroke,  and  strikes  350  blows  per 
minute. 

Thepolsator  and  12-b.p.  electric  motor  operating  it  are  both  mounted 
OQ  the  drill  wf^on.  In  other  respects  the  arrangement  and  operation 
resemble  the  Temple-IngersoU  tnpod  drill  outfits. 
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By  means  of  clutches,  the  motor  drives  the  feed  screw  for  the  drill 
hoist  and  raises  and  lowers  the  steels;  it  also  operates  a  winch  which  can 
be  used  to  propel  the  wagon  when  its  position  must  be  changed. 

One  drill  runner  and  a  helper  operate  and  handle  the  drill  wagon. 
The  shifts  are  of  8  hr.  duration  and  at  the  time  of  this  observation  the 
drills  were  averaging  about  40  or  60  ft.  of  hole  per  shift.  The  weather 
was  most  oppressively  hot  during  this  particular  observation,  which 
probably  accounted  for  the  relatively  slow  progress,  as  it  is  understood 
that  the  progress  of  drilling  in  this  rock  has  usually  averaged  45  to  65  ft. 
per  shift  and,  under  test  conditions,  as  much  as  104  ft.  of  hole  has  been 
drilled  per  shift.  A  constant  stream  of  water  is  fed  into  the  hole  through 
a  pipe  beside  the  steel.  A  long  bamboo  pole  is  used  for  lowering  the  blast- 
ing charge  into  the  hole.  Electricity  is  employed  for  setting  oflf  the 
charges,  and,  as  parties  are  working  simultaneously  in  various  parts  of 
the  quarry,  the  blasting  can  be  carried  on  in  one  place  while  the  drilling 
and  mucking  are  in  progress  in  other  sections  of  the  quarry. 
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I.   iNTBODUCnON 

The  geological  field  work  of  the  Bully  Hill  district,  upon  which  this 
paper  is  based,  was  begun  July  1,  1908,  and  covered  a  period  of  three 
months.  The  time  was  found  too  short  for  a  complete  report  and  the 
district  was  again  visited  in  the  early  part  of  July,  1912,  from  which  time 
detailed  study  of  the  locality  continued  until  September  of  the  same  year. 
This  paper  is  the  result  of  observations  made  in  the  mines  in  the  immediate 
vicinity  of  Winthrop,  Shasta  county,  Cal.,  during  these  two  periods  of 
study. 

The  preparation  of  this  report  has  been  greatly  facilitated  by  various 
courtesies  rendered  the  writer  by  D.  M.  Riordaa,  President  of  the  Bully 
Hill  Copper  Mining  &  Smelting  Co.,  and  by  John  B.  Keating  and  Herbert 
R.  Hanley,  managing  ofiicers  actively  in  charge  at  the  mines.  The 
elaboration  and  further  study  of  the  notes  and  collections  were  carried  on 
in  the  laboratories  of  the  Departments  of  Geology  and  Mining  at  Colum- 
bia University,  and  the  writer  takes  pleasure  also  at  this  point  in  express- 
ing his  acknowledgments  to  Profs.  James  F.  Kemp,  A.  W.  Grabau, 
Charles  P.  Berkey,  and  William  Campbell,  for  advice  and  assistance. 

In  order  that  one  may  appreciate  at  first  reading  the  significance  of 
some  of  the  details  which  follow,  and  for  the  sake  of  clearness,  a  brief 
outline  of  the  geological  relationships  is  here  given,  together  with  certain 
conclusions  which  have  been  reached  regarding  the  genesis  of  the  ores  and 
the  gypsum  masses. 

In  the  Bully  Hill  mining  district  an  associated  series  of  Triassic  lavas 
and  tuffs,  chiefly  andesites,  is  preceded  as  well  as  followed  by  sediments. 
The  entire  system  is  tilted  so  that  the  original  bedding  planes  dip  in 
general  to  the  southeast.  The  surrounding  region  has  been  greatly  dis- 
turbed, and  in  the  immediate  vicinity  of  the  mines  close  folding  of  the 
later  sediments  and  extreme  shearing  of  the  igneous  rocks  locally  is  a 
striking  feature. 

Into  the  nearly  vertical  shear  zones  have  been  intruded  post-Triassic 
dikes  of  various  rock  types  in  the  following  order:  alaskite-porphyry  and 
andesite-porphyry.  Outside  the  area  under  consideration  diorite  dikes 
are  known,  but  they  will  not  receive  attention  further  than  to  note  that 
they  probably  represent  a  differentiation  product  of  the  same  magma 
from  which  the  other  two  dikes  came.  In  this  connection  all  the  dikes 
have  an  important  bearing  on  the  origin  of  the  ores  and  of  the  gypsum 
found  in  the  mines. 

The  intrusion  of  the  alaskite-porphyry  as  well  as  the  later  andesite 
was  accompanied  by  the  emission  of  magmatic  waters  and  metal-bearing 
solutions.  As  these  solutions  passed  upward  they  wrought  important 
changes  in  the  rocks  within  their  influence,  and  were  directly  responsible 
for  the  introduction  of  the  various  ore  minerals,  as  well  as  some  of  the 
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gangue.  By  secondary  changes  which  involved  alteration,  the  ores  be- 
came enriched  so  that  in  some  cases  a  copper  content  of  8  per  cent,  was 
produced. 

Of  considerable  interest  in  this  district  are  the  relationships  between 
the  shear  zones  and  the  various  dikes;  the  shape,  extent,  and  genesis  of 
the  ore  bodies;  the  occurrence  of  large  masses  of  sulphate  of  lime,  which 
suggests  formation  by  a  process  not  heretofore  recognized  of  great  impor- 
tance. Of  great  economic  significance  are  the  association  of  copper  ores 
with  the  alaskite-porph3nry,  and  the  interpretation  of  some  facts  estab- 
lished in  prospecting  the  extensive  masses  of  gypsum. 

The  area  covered  by  the  map,  Fig.  1,  extends  2  miles  east  and  west 
and  3  miles  north  and  south.  It  is  embraced  in  the  Redding  Folio  of  the 
U.  S.  Geological  Survey,  which  was  prepared  by  J.  S.  Diller,  to  whose 
careful  observations  the  writer  is  deeply  indebted.  The  recent  develop- 
ment of  the  mines  has  naturally  revealed,  however,  some  points  of  interest 
which  were  not  accessible  when  Mr.  Diller's  observations  were  made,  and 
as  a  resuH  some  modification  of  his  views  will  be  supported. 

II.  Location  op  the  District 

The  Bully  Hill  district  is  one  of  several  mineral  belts  situated  in  a 
moderately  elevated  area  in  the  western  central  part  of  Shasta  county, 
Cal.  This  county  lies  at  the  extreme  northern  end  of  the  Great  Valley  of 
California  and  embraces  a  range  of  mountains  which  is  chiefly  formed  by 
the  northward  convergence  of  two  important  mountain  chains,  the  Sierra 
Nevada  on  the  east,  which  has  a  general  north  and  south  trend,  and  the 
Coast  Range  on  the  west,  which  has  a  decided  northeast  trend.  The 
actual  junction  consists  of  short  irregular  ranges. 

The  section  of  the  country  is  roughly  in  the  shape  of  a  flat-lying  U 
with  the  opening  to  the  south.  The  Coast  Range  and  the  Sierras  form 
the  limbs,  while  the  high  slope  of  the  Sierras,  bearing  westward,  rapidly 
merges  with  the  eastern  slope  of  the  Coast  Range  and  produces  the  gentle 
curve  of  the  U  at  the  north. 

Irregular  east  and  west  ridges  parallel  to  the  curve  of  the  U  succeed 
one  another  to  the  north,  and  present  a  relatively  steep  front  to  the  south. 
The  Southern  Pacific  railway,  connecting  Sacramento  with  Portland, 
passes  up  the  Great  Valley  and  crosses  this  range  by  following  along  the 
course  of  the  Sacramento  river  and  its  tributaries.  At  a  distance  of  10 
miles  north  of  Redding  it  passes  through  the  station  of  Pit,  from  which 
the  Sacramento  Valley  &  Eastern  railway  extends  to  the  east  15  miles 
so  as  to  tap  the  copper  belt  at  Copper  City.  The  branch  finally  ends 
3  miles  farther  to  the  north  at  the  Bully  Hill  mine,  near  the  town  of 
Winthrop. 

The  productive  area  which  has  attracted  attention  for  the  past  13 
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years  and  which  is  now  under  consideration  lies  in  the  immediate  vicinity 
of  the  town.  There  are  three  local  mining  centers,  designated  as  Bully 
Hill  to  the  north,  Copper  City  to  the  south,  and  the  Rising  Star  between 
these,  but  somewhat  nearer  to  Bully  Hill. 

History  of  the  Mining  Development 

The  existence  of  copper  ores  in  this  part  of  the  mineral  belt  was  known 
in  the  first  decade  of  the  '50's.  It  was  encountered  in  small  quantities 
in  tunnels  which  were  opened  primarily  .for  the  gold  and  silver  veins 
which  yielded  the  placer  values.  In  1853^placer  gold  was  discovered  in 
the  vicinity  of  Bully  hill^  and  in  1862  gold  was  found  in  the  altered  surface 
rock  near  the  present  site  of  Copper  City.^  The  copper  deposits  were 
n^lected  for  the  time  being,  and  little  of  importance  happened  before 
1895. 

Oxidized  ores  from  the  surface  soon  failed  to  yield  acceptable  returns, 
and  tunneling  was  employed  with  the  hope  of  discovering  sources  which 
presumably  supplied  surface  values.  Tunnel  No.  1,  on  the  east  slope  of 
Bully  hill  about  500  ft.  from  the  top,  was  driven  a  short  distance.  Since 
the  surface  somewhat  to  the  west  and  north  had  3delded  profitable  returns 
in  gold  and  silver,  this  tunnel  was  driven  with  a  view  to  striking  the 
gold-bearing  rock  in  depth.  As  the  working  face  advanced,  the  gossan 
which  had  yielded  the  values  changed  into  very  base  ore.  This  condition 
of  affairs  so  discouraged  the  operators  that  in  a  comparatively  short  time 
their  workings  were  abandoned,  as  it  was  the  general  belief  that  such  base 
ores  could  not  be  reduced  successfully. 

About  this  time  Iron  Mountain,  some  20  miles  to  the  southwest,  was 
located  as  an  iron  mine  by  TVllliam  Magee  and  Charles  Camden.  The 
surface  rocks  throughout  the  entire  country  were  more  or  less  stained  by 
iron  oxide;  the  gossan  was  thick  and  usually  carried  gold  values.  Practi- 
cally the  same  gossan  occurred  at  the  abandoned  claims  on  Bully  hill. 
Since  sufficient  time  had  elapsed  for  the  timbering  in  Tunnel  No.  1  of 
Bully  Hill  to  rot,  the  property  was  relocated  and  later  passed  into  the 
possession  of  Alvin  Potter,  in  1877.  The  tunnel  was  reopened  and  re- 
timbered.  Some  ore  was  taken  out,  but  it  exhibited  such  a  base  character 
that  active  work  was  discontinued,  and  subsequently  the  property  passed 
into  the  hands  of  the  Extra  Mining  Co. 

It  now  appeared  for  the  first  time  that  the  enterprise  was  on  a  firm 
basis,  and  in  1877  the  first  ore-dressing  mill  in  Shasta  county  was  erected 
near  the  present  site  of  Copper  City  by  C.  M.  Peck.  The  mill  was  erected 
on  the  west  bank  of  Squaw  creek  and  was  known  as  the  Northern  Light 
mill. 

1  BuUetin  No.  23,  California  SUUe  Mining  Bureau,  p.  32  (1902). 
•  Idem,  p.  33. 
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It  is  reported  that  in  three  years  the  company  extracted  nearly 
$650,000  from  the  ores.  The  rich  values  soon  began  to  decrease  or  change 
in  character  to  such  an  extent  that  this  mill  was  abandoned  after  a  com- 
paratively short  period  of  operation.  The  equipment  became  the  prop- 
erty of  Messrs.  Potter  and  Hall,  who  had  purchased  some  of  the  adjoining 
claims,  but,  like  the  Extra  Mining  Co.,  they  were  forced  to  discontinue 
operations  because  of  the  complex  nature  of  the  ores. 

The  entire  milling  industry  was  established  on  the  basis  of  returns 
from  a  250-ton  shipment  of  local  ore  sent  to  Swansea  in  1863.  It  is 
reported  that  the  ore  assayed  8  per  cent,  in  copper,  and  showed  a  value 
of  $40  in  gold  and  $20  in  silver  to  the  ton.  The  copper  content  was 
considered  of  no  value. 

In  1879  James  Salee  passed  through  this  section  of  the  country  and 
incidentally  visited  Iron  Mountain.  He  was  a  miner  of  wide  experience, 
and  in  samples  of  the  gossan  which  he  had  collected  he  found  gold  and 
silver  values.  He  became  the  sole  owner  of  the  property  at  Bully  hill. 
Years  passed  and  occasionally  new  finds  would  be  reported,  which  boomed 
the  Copper  City  district  and  gave  a  new  impetus  to  speculation.  Little 
was  done,  however,  until  the  latter  part  of  the  '90's,  when  the  property  was 
transferred  to  the  Bully  Hill  Mining  &  Smelting  Co.  Such  is,  in  part, 
some  of  the  early  history  of  the  camp. 

Topography 

The  district  shown  on  the  map,  Fig.  1,  is  embraced  by  the  Klamath 
mountains  and  shows  a  well-dissected  portion  of  the  Klamath  plateau. 
The  elements  of  relief  are  not  many  and  are  easily  distinguished.  Topo- 
graphically the  most  important  feature  of  this  region  is  a  ridge  of  igneous 
rock  formed  by  the  upturned  edges  of  surface  flows  of  andesites  and  inti- 
mately associated  tuffs.  This  complex  has  been  metamorphosed  to  such 
an  extent  that  it  resists  erosion  to  a  greater  degree  than  the  limestones  to 
the  northwest,  on  which  it  rests,  and  than  the  shales  and  tuffs  which 
flank  it  on  the  south  and  east.  This  ridge  is  continuous  outside  the  limits 
of  the  map  for  a  distance  of  30  miles  and  has  approximately  a  north  and 
south  direction. 

In  general,  the  drainage  of  the  district  is  to  the  southwest  until  the 
Sacramento  river  is  reached,  after  which  it  is  entirely  south.  To  the  east 
of  the  ridge  is  Squaw  creek,  which  flows  southwesterly  and  joins  Pit 
river  near  the  southern  border  of  the  map.  The  west  slope  of  the  ridge 
is  drained  entirely  into  the  McCloud  river.  This  ridge  is  traversed  by  a 
series  of  narrow  and  steep  gulches  separated  by  steep  ridges  of  a  minor 
order. 

Bully  hill  may  be  regarded  as  an  elevation  of  secondary  importance, 
scarcely  more  than  2,000  ft.  in  height.    The  elevations  decrease  pro- 
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gressiyely  toward  the  southern  limits  of  the  map.  The  topography  is 
intimately  related  to  the  general  geological  structure  of  the  district  and 
results  from  differential  erosion  of  the  various  rock  formations. 

The  lower  portions  of  the  larger  gulches  have  been  partly  filled  with 
detritus  from  the  higher  slopes^  and  in  many  parts  of  the  district  these 
have  been  worked  as  placers. 

III.    Stratigraphy 

It  is  not  the  purpose  of  this  paper  to  enter  into  an  elaborate  detailed 
discussion  of  the  stratigraphy  of  the  region,  for  it  has  received  great  care 
and  special  attention  from  J.  S.  Diller,' J.  P.  Smith/  and  H.  W.  Fairbanks.* 
In  orderi  however,  that  the  geological  relations  of  the  eruptive  rocks  and 
the  ore  bodies  may  be  fully  comprehended,  a  brief  outline  of  the  separate 
formations  is  here  introduced.     (See  Fig.  2.) 

The  oldest  rocks  in  the  Bully  Hill  district  which  outcrop  on  the  sur- 
face consist  of  a  series  of  volcanicSi  everywhere  tilted  at  a  high  angle 
decidedly  to  the  southeast,  although  locally  beds  may  vary  so  as  to  be 
nearly  flat. 

This  series  consists  of  alternate  flows  and  tuffs  which  together  meas- 
ure roughly  1,500  ft.,  and  has  been  named  by  Diller*  Dekkas  andesite. 
Above  this  and  apparently  conformable  are  the  crumpled  massive  to  thin- 
bedded  shales  of  the  Pit  series.  Only  the  lower  part  of  fully  2,000  ft.  of  the 
Pit  shales  is  embraced  by  the  eastern  boundary  of  the  map. 

Description  of  the  Rocks 

Triassic  Lavas  and  Tuffs. — ^Andesite  flows  and  related  tuffaceous  beds, 
now  greatly  metamorphosed,  are  seen  to  cover  most  of  the  western  part 
of  the  area  tmder  consideration.  The  shape  and  areal  distribution  are 
shown  on  the  map,  Fig.  1.  It  is  a  matter  of  some  difliculty,  however,  to 
fix  the  precise  divisional  planes  that  separate  the  earlier  from  the  later 
flows.  This  comes  about  from  the  fact  that  one  grades  into  the  other. 
In  many  instances  the  flows  succeed  each  other  with  apparent  regularity, 
and  at  times  were  followed  by  accumulations  of  tuffaceous  materials. 
The  present  metamorphosed  condition  of  the  tuff  beds  and  the  flows  makes 
it  diflScult  to  draw  definite  divisional  planes.  From  the  manner  in  which 
this  andesite  series  weathers  it  is  possible  to  describe  two  different 
varieties,  but  because  of  limited  space  the  andesites  collectively  will  be 
described  as  a  single  unit. 


*  Redding  Folio,  No,  138,  U.  S.  Geological  Survey  (1006). 

*  The  Metamorphio  Series  of  Shasta  County,  California,  Journal  of  Geology,  vol. 
ii,  No.  6,  p.  588  (Sept.-Oct.,  1894). 

'  Geology  and  Mineralogy  of  Shasta  County,  Eleventh  Report  of  the  California 
Suae  Mineralogist,  p.  24  (1892). 

*  RMing  PoUo,  Ho.  138,  U.  S.  Geological  Survey,  p.  7  (1906). 


74  BULLT  HILL  UININO   DIBTBICT,  CALIFOBNIA 

The  freshest  Bpecimens  are  dark  gray,  with  numerouB  small  gltstening 
phenocrysts  of  labradorite,  sbovring  best  od  fractured  surfaces.  The  rock 
exhibits  a  greenish  tinge,  due  to  the  presence  of  chlorite,  epidote,  and 
similar  secondary  minerals  derived  from  ps^oxenes  (probably  augite). 
On  alteration  the  rock  usually  becomes  lighter  colored,  and  in  many  places 
on  first  sight  resembles  rhyolite.  Occasionally  sparsely  scattered  vesicles 
which  have  been  filled  with  calcite  occur,  and  the  presence  of  these  gives 


Fia.  2. — Generauzbd  Columnar  Sbctiow  in  Buu-t  Hill   Distbict,  Showing 

THE  InTBUSIONS. 

to  the  rock  mass  a  mottled  appearance.  Where  the  rock  is  found  thor- 
oughly altered  it  is  characterized  by  a  red  stain  derived  from  iron-bearing 
silicates.  The  secondary  minerals  are  sericite,  quartz,  kaolin  in  large 
amount,  and  minor  quantities  of  calcite  and  iron  oxide.  The  alteration 
is  often  attended  by  leaching  by  which  the  rock  chaises  to  a  nearly  white 
mass,  roughly  schistose. 

In  the  valleys  where  this  andesitic  material  has  accumulated  character- 
istic red  gravelly  soil  results,  which  because  of  the  red  color  makes  it 
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impossible  to  trace  the  series  where  the  outcrops  are  obscured.  The 
massive  character  of  some  of  the  flows  is  evidenced  from  the  presence  of 
numerous  large  rounded  boulders,  which  are  to  be  seen  in  the  gulches  as 
placer  gravels. 

Triassic  Sediments. — The  Pit  Shales. — The  youngest  formation  in  the 
district  with  which  this  paper  is  immediately  concerned  is  an  extensive 
series  of  shales,  interbedded  occasionally  with  various  volcanic  tuffs.  In 
general  these  shales  are  fine-grained,  dark  gray  to  black,  characteristically 
thin-bedded,  and  frequently  provided  with  remains  of  minute  marine 
organisms. 

This  terrane  is  by  far  the  most  extensively  developed  of  any  formation 
in  the  district  and  covers  the  entire  area  of  the  eastern  part  of  the  map. 
These  shales  underlie  a  limestone  having  an  abundant  and  well-preserved 
fauna  which  is  known  to  be  Middle  or  Upper  Triassic'  Because  of  this 
relationship  the  age  of  the  shales  is  placed  in  Middle  Triassic. 

The  average  strike  is  north  and  south  when  large  areas  are  considered, 
but  on  the  map  it  will  be  noted  that  the  strike  varies.  The  dip  is  decid- 
edly to  the  southeast,  in  common  with  the  previous  series,  and  in  amount 
it  is  not  far  from  28^.  Variable  dips  are  encountered  in  the  southeastern 
part  of  the  map. 

Where  the  shales  exist  the  topography  is  well  rounded,  and  usually  low 
lands  result.  This  is  not  because  the  series  is  characteristically  soft,  for 
there  are  some  members  making  up  the  deposit  which  are  hard  and  resist- 
ant; but  because  a  few  soft  layers  or  beds  exist.  These  are  usually  tuffs, 
and  as  they  are  washed  away  the  harder  parts,  because  of  insufficient 
support,  break  away  and  the  entire  formation  is  thus  weakened  and  the 
topography  is  thereby  subdued. 

The  rock  types  include  brownish  red  to  yellowish  red  shales  and  tuffs. 
The  shales  alter  to  lighter  shades,  browns  and  grays  predominating.  Be- 
cause of  folding  the  entire  formation  is  jointed  and  shattered,  and  over- 
turned folds  are  not  uncommon. 

Areal  Geology 

The  area  mapped  consists  of  Triassic  rocks,  which  can  be  deciphered 
into  several  distinct  types.  Along  the  southern  and  eastern  border  of  the 
map  are  found  sediments,  chief  of  which  are  shales,  sandstones,  and  inter- 
bedded tuffs.  The  area  embraced  shows  only  a  small  part  of  a  wide- 
spread series  which  extends  north  and  south  for  many  miles,  and  stretches 
over  a  distance  of  10  miles  or  more  in  width  to  the  south.  The  western 
border  of  the  area  is  rather  irregular,  a  condition  produced  in  part  by 
stream  cutting,  but  largely  by  complex  folding  and  erosion. 

West  of  the  sedimentary  portion  is  an  extensive  area  of  igneous  rocks 
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comprising  andesites  and  andesitic  tuffs.  These  rocks  cover  the  entire 
west  half  of  the  area  under  consideration.  Irregular  masses  and  long 
strips  extend  south  and  east  from  the  main  area.  The  entire  area  has  been 
sheared  so  that  the  rocks  are  usually  of  a  pronounced  and  thinly  foliated 
type.  Into  the  sheared  country  rock  have  entered  dikes,  which  tend  to 
complicate  the  structure.  Natural  ^outcrops  are  abundant  and  form 
sharp  ridges,  persistent  for  long  distances.  The  hilly  tract  containing  the 
mines^embraces  this  igneous  complex  and  has  abundant  evidences  of 
mineralization.  The  ledges  of  altered  andesite  and  dikes  rise  many  feet 
above  the  general  profile,  and  obviously  present  what  physiographers  term 
a  "young"  topography.  The  rocks  over  wide  areas  are  greatly  decom- 
posed, and,  except  where  exposed  as  alrepdy  described,  have  weathered  to 
a  mantle  of  soft,  reddish  brown,  chalky  debris;  and  again  they  have  be- 
come so  thoroughly  silicified  that  their  original  character  is  entirely 
obliterated.  The  extent  and  general  areal  relationships  are  given  on  the 
map,  Fig.  1. 

Structure 

The  rock  formations,  which  have  a  general  southeasterly  dip,  are 
complicated  by  folds,  faults,  shear  planes,  igneous  intrusions,  and  meta- 
morphism  to  such  an  extent  that  in  the  immediate  vicinity  of  the  mines 
these  secondary  features  are  of  more  importance,  in  the  solution  of  the 
problems  later  discussed,  than  the  rock  types  in  which  they  are  so  con- 
spicuously found. 

In  order  that  the  significance  of  these  relations  may  be  fully  compre- 
hended, and  also  that  the  reader  may  have  at  the  outset  a  working  knowl- 
edge of  the  local  features,  it  becomes  necessary  particularly  to  appreciate 
the  character  of  the  various  metamorphic  processes  involved.  There  is  a 
very  intimate  relation  between  all  these  elements  and  the  origin  of  the 
ore  deposits.  No  single  feature  when  taken  by  itself  explains  the  situa- 
tion, but  when  all  are  taken  together,  in  proper  sequence,  they  are  directly 
responsible  for  all  the  facts  observed  with  regard  to  the  ore  genesis.  For 
convenience  and  emphasis  these  will  be  discussed  separately. 

Folds. — The  best  preserved  folds  are  to  be  seen  in  the  sedimentary 
rocks  which  fiank  Bully  hill  on  the  south  and  east.  In  these  rocks  the 
compressive  forces  have  produced  a  great  variety  of  folds,  ranging  from 
those  in  which  the  flexure  is  just  perceptible  to  those  where  overturning  is 
pronounced.  The  folds  are  complicated,  variable,  and  at  times  very 
obscure.  The  simplest  type.  Fig.  3,  is  found  in  the  south  and  east  part  of 
the  area,  and  the  folds  become  progressively  more  complicated  north  and 
west  until  at  the  contact  with  the  igneous  rocks  they  are  apparently  lost 
by  grading  into  another  structure  later  to  be  discussed. 

The  prominent  phase  of  deformation  especially  noticed  in  the  vicinity 
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Flo.  4. — Close  Folding  in  thb  Pit  Sh&lbs. 
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of  the  mines  is  that  which  follows  from  compression.  Within  this  zone 
the  strata  have  shortened  and  the  greater  length  of  the  various  beds, 
previously  listed  and  described,  has  been  taken  up  by  folding.  The  bend- 
ing became  complex  and  later  reached  a  condition  in  which  the  units 
yielded  easier  to  the  applied  stresses  by  breaking  than  by  further  crum- 
pling. As  a  result,  in  the  western  part  of  the  Pit  shales,  the  adjustment  is 
characterized  by  numerous  breaks  in  the  strata.  Since  the  strata  of  the 
Pit  formation  consist  of  shales,  sandstones,  and  limestones,  there  is 
reason  to  suspect  widely  differing  structiu-es. 

The  composition  and  thickness  of  the  various  beds  determined  in  a 
large  way  the  behavior  of  the  series  under  the  applied  stresses.  The  units 
varied  greatly  in  thickness,  and  as  a  rule  the  thicker  portions  yielded  by 
breaking  rather  than  by  bending.  On  the  other  hand,  where  the  strata 
were  thin  and  the  composition  favorable,  complex  folding  and  contortion 
resulted.  These  finally  became  more  pronounced  and  were  later  replaced 
by  thrust  and  dislocation. 

Everywhere  the  Pit  shales  are  folded,  and  so  prominent  is  this  feature 
that  the  formation  can  be  detected  for  great  distances.  These  strata 
were  not  originally  deposited  in  this  position,  but  have  been  subsequently 
deformed  by  lateral  thrusts  which  crumpled  the  units  and  caused  the 
folds.  As  might  be  expecJted,  folds  occur  of  every  degree  of  complexity. 
Some  are  broad  and  open,  others  are  narrow  and  compressed;  in  some 
the  strata  are  but  slightly  disturbed,  in  others  the  beds  are  actually 
twisted,  contorted  and  confused  in  the  most  extraordinary  manner. 
(See  Fig.  4.) 

The  whole  process  is  not  difficult  to  imagine,  and  it  is  furthermore  an 
absolutely  necessary  step  to  follow  if  one  wishes  to  understand  the  struc- 
tural relations  in  the  mines  as  they  now  exist.  Many  of  the  local  com- 
plexities observed  in  the  working  places  are  easily  understood  and  can  be 
explained  by  a  knowledge  of  the  structures. 

It  should  be  stated  that  in  few  places  only,  in  the  field  directly  related 
to  the  mines,  are  there  good  examples  of  complex  folds  in  the  tuffs. 
This  is  not  because  these  have  in  any  way  escaped  the  deformation, 
but  chiefly  because  ^ctreme  shearing  and  metamorphism  have  obliterated 
all  evidences  of  such  features. 

The  greater  part  of  the  hill  in  which  the  mines  are  located  consists  of  a 
series  of  interbedded  andesites,  and  associated  tuffs.  Although  there  is  a 
wide  range  between  these  products  they  show  a  common  behavior  in  the 
development  of  shear  and  foliation.  Over  the  entire  region,  of  which  the 
area  mapped  is  a  small  part,  there  is  a  likeness  in  the  results  that  argues 
similarity  of  causes  and  materials. 

The  units  varied  greatly  in  thickness  from  point  to  point  and  often  the 
tuffs  were  mixed  in  and  incorporated^with^the  flows.  The  fragmental 
volcanic  rocks  appear  to  have  been  very  abundant  and  may  even  have 
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been  predominant  in  this  particular  locality.  As  such  they  consisted 
mainly  of  fine  dust  particles,  but  there  is  evidence  also  that  large  amounts 
of  ash,  as  well  as  some  glassy  fragments,  constituted  part  of  the 
accumulations. 

The  massive  brittle  rocks  were  originally  the  flows  and  these  have  fur- 
nished the  angular  fragments  of  the  breccias,  while  the  tufiFs,  because  of 
their  porous  texture,  permitted  adjustment  to  take  place  between  the 
individual  particles  without  apparent  crush.  In  extreme  zones  of  shear 
and  brecciation,  however,  all  traces  of  former  structures  have  been 
obscured,  if  not  completely  obliterated.  The  composition  and  form  of  the 
volcanic  rocks  determined  to  some  extent  their  behavior  under  the  applied 
stresses.  Since  there  is  such  an  abundance  of  folded  structiu-es  in  the 
sedimentary  formations  on  top  of  the  igneous  rocks,  and  a  short  distance 
to  the  west  in  formations  stratigraphically  lower,  it  follows  that  these 
deformations  exist  in  some  form,  however  badly  preserved,  in  the  igneous 
rocks  as  well,  because  the  entire  series  was  subjected  to  the  same  stresses 
and  behaved  as  a  structural  unit.  Just  how  far  these  deformations  extend 
in  depth  is  a  matter  purely  conjectural,  but  it  is  believed  that  they  have 
affected  rocks  very  early  in  the  geological  column. 

As  noted  above,  the  general  structure  of  the  district  is  comparatively 
simple,  but  there  are  minor  features  which  tend  to  complicate  it.  As  a 
result  of  the  degree  of  folding,  beds  which  were  in  the  beginning  far  below 
have  been  brought  near  to  the  surface.  These  relationships  are  shown  on 
the  structural  section  taken  along  thedine  A-B,  Fig.  1.  Actual  measure- 
ments at  depth  could  not  be  made,  but  the  surface  relationships  are  mainly 
correct.  As  will  be  seen,  the  structiu-al  section  is  made  in  a  line  which  is 
parallel  to  the  direction  of  thrust  and  consequently  the  axes  of  the  folds 
in  the  slates  and  the  more  complex  shear  zones  in  the  igneous  rocks  trend 
northeast  and  southwest.  Furthermore,  the  axes  of  the  folds  pitch,  so 
that  the  tendency  is  for  the  ore  bodies  to  pass  into  deeper  rocks  going 
northward. 

FavUs. — The  structure  of  the  district  is  affected  only  in  a  very  sub- 
ordinate way  by  faults,  but  where  these  do  occur  they  are  a  source  of 
further  complexity.  Since  the  readily  distinguishable  beds  found  in  the 
immediate  vicinity  of  the  mines  show  no  evidence  of  extensive  faulting, 
it  is  safe  to  infer  that  no"dislocation  has  taken  place  since  these  were  laid 
down.  It  is  possible,  however,  for  faults  to  have  taken  place  in  the 
earlier  rocks  and  yet  not  be  registered  in  the  sediments  within  the  area 
mapped,  but  field  study  does  not  reveal  any.  There  are  numerous  minor 
slips  and  dislocations  in  the  rocks,  but  these  are  attributed  to  shearing 
processes. 

Such  slips  have  been  encountered  in  prospecting  work,  but  they  are 
too  local  to  be  recognized  as  being  important  in  the  larger  structural 
features,  and  they  are  too  numerous  to  be  shown  on  the  map.    In  the 
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mine  workings  the  older  fractures  have  been  rehealed,  while  the  later 
cracks  are  still  open  and  furnish  circulation  channels. 

At  only  two  points  has  faulting  taken  place  on  a  scale  that  merits 
attention,  and  even  here  the  data  are  somewhat  obscure,  so  that  the 
actual  amount  of  dislocation  is  questionable.  Further  developments 
may  reveal  some  interesting  relationships.  The  shear  zones  which  stand 
up  as  silicified  ledges  on  the  hill-top  apparently  end  in  the  south  slope  of 
the  hill.  It  is  quite  possible^  however,  that  these  shear  zones  are  local; 
but  there  are  several  dikes,  which  will  receive  attention  under  "Intru- 
sives,"  which  also  outcrop  on  the  south  slope  of  the  hill,  and  these  also 
end  rather  abruptly.  After  apparent  shifting  to  the  west  about  100  ft., 
they  continue  in  their  normal  direction  southward  and  finally  disappear 
under  the  shales.  This  is  very  suggestive  of  a  fault  when  taken  in  con- 
nection with  the  dikes  and  the  shear  zones,  but  the  shales  only  a  short 
distance  to  the  east  show  no  evidence  whatever  of  any  dislocation. 

Another  possible  fault,  which  is  better  characterized  by  being  a 
"crush  zone,"  is  seen  on  the  north  slope  of  the  hill  where  it  crosses  Town 
creek  just  northwest  of  the  main  tunnel  entrance  and  back  of  the  company 
houses.  Here  the  rocks  are  badly  brecciated  and  the  zone  is  apparently 
vertical  and  at  right  angles  to  the  foliation  planes  of  the  rock  masses  on 
each  side.  This  zone  has  been  partly  explored  in  depth  and  some  ore 
obtained.  Aside  from  these  two  instances  (and  they  are  rather  obscure) 
no  faults  of  importance  were  found  in  the  district. 

Shear. — A  structure  which  is  intimately  related  to  the  folds  and  thrusts 
is  that  of  shear.  It  may  be  regarded  as  the  limiting  phase  of  combined 
folding  and  thrusting  processes.  In  this  district  sheared  structures  are 
prominent  and  are  almost  wholly  restricted  to  the  igneous  rocks.  While 
the  massive  igneous  rocks  show  this  structure  to  some  extent,  it  is  best 
developed  in  the  tuffs,  and  in  some  of  these  it  is  so  persistent  that  the 
rock  in  places  may  be  regarded  as  typically  schistose. 

Just  as  the  shales  are  characterized  by  being  folded  rocks,  in  like 
manner  the  igneous  members  can  be  considered  as  sheared  rocks.  Just 
where  folding  ends  and  shear  begins  is  not  always  easily  determined, 
since  one  passes  by  gradual  transitions  into  the  other.  In  a  general  way 
shear  is  characterized  by  being  a  finer  structure  and  represents  a  greater 
degree  of  crush,  and  involves  changes  other  than  those  of  purely  dynamic 
character.  That  folds  and  thrusts  preceded  shear  in  the  igneous  rocks 
there  can  be  little  doubt,  but  the  persistent  type  structure  now  seen  is 
shear  alone. 

The  shear  has  developed  mainly  at  right  angles  to  the  direction  of 
pressure  and  has  a  general  trend  corresponding  to  a  north  and  south 
plane.  In  the  district  under  consideration  the  shear  has  taken  place  on  a 
small  scale  in  all  the  rocks  and  is  widespread,  but  there  were  conditions 
which  favored  localized  shear  zones,  and  as  a  result  Bully  hill  b  char- 


BTTLLT  HILL  UININO  DISTRICT,  CAUFOBHIA  81 

acterized  by  three  independeiLt  zones  which  are  approximately  parallel  to 
each  other  but  separated  by  intervals  of  sev^al  hundred  feet.  These 
zones  are  nearly  vertical  and  have  a  north  and  south  direction.  They  are 
seen  as  irregular  ledges  which  project  above  the  general  profile  of  the  hill 
and  are  shown  in  Fig.  5.  The  material  constituting  the  rock  of  these 
ledges  iamainly  silicified  andesite  tuffs  and  flows.  In  this  hardened  con- 
dition it  ressts  the  weathering  processes  and  gives  rise  to  rugged,  steep 
slopes.  In  spite  of  the  rock  being  hard  it  splits  easily  in  a  plane  parallel 
to  the  foliation  and  is  often  characterized  by  an  abundance  of  long  parallel 
cracks  trending  north  and  south. 


Fig.  S. — LoopNO  North  trou  Kiixahobb  Pbak  at'Bulli  Hill. 
The  picture  shows  the  throe  shear  lones^ 

The  Intmsiojis. 

From  observation  of  the  suecesaion  and  character  of  the  intrusives  of 
the  district  they  present  in  th^  structural  relations  one  single  type — 
dikes,  which  are  found  well  exposed  on  the  southeast  slope  of  Bully  hill. 
They  may  be  divided  into  two  distinct  varieties,  an  earlier  acidic  (alaekite- 
porphyry),  and  a  later  one  of  andesitic  characteristics. 

AlaskUe  Dike. — The  alaskite  dike.  Fig.  6,  is  found  in  detached  massea 
on  the  east  slope  oT  Bully  hill  and  apparently  ends  at  the  Rising  Star 
mine,  0.75  mile  farther  to  the  south.  The  rock  is  medium  even-grwied 
and  contains  a  few  small  phenocrysts  of  quartz  and  feldspar  in  a  Sne- 
gruned  ground  mass  of  mottled  gray  color.    The  freshest  specimens 

TOt.  xvrsn. — fi 
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have  practically  no  dark  silicates.  Most  of  the  outcrops  exMbit  alterar 
tion  and  intense  bleaching,  so  that  the  weathered,  rough,  projecting 
masses  are  colored  by  iron  oxide,  the  colors  ranging  usually  from  yellows 
tiirough  reds  to  pinks. 

In  the  hand  specimen  the  actual  dimension  of  the  grains  is  seldom 
greater  than  5  mm.  Much  of  the  rock  is  fine-gTMned  and  may  be  regarded 
as  fel^te-porphyry.  Of  economic  significance  are  the  nearly  vertic^ 
foliation  planes  and  the  cracks  along  which  ore-bearing  solutions  have 
depcraited  ores  in  notable  amounts. 

The  time  of  the  intrusion  is  not  definitely  known,  but  since  the 


Fio.  6. — View  Showing  the  Rdoqbd  Character  of  the  Alaskitb-Porphtry. 

country  rock  is  believed  to  have  accumulated  in  Middle  Triasaic  time,  it 
follows  that  the  intrusion  is  as  young  at  least  as  the  late  Triassic. 

Andesitic  Intrusion. — A  later  intrusive  of  decidedly  andesitic  affinities, 
mostly  decomposed  to  a  reddish  brown  exfoliated  mass,  is  exposed  on  the 
south  slope  of  Bully  hill  and  extends  in  a  more  or  less  continuous  mass  in  a 
northerly  direction  for  a  distance  of  0.75  mile.  Because  of  the  readiness 
with  which  this  dike  rock  alters,  it  is  mostly  obscured,  and  at  times  it  is 
difficult  to  distinguish  it  from  the  country  rock  through  which  it  passes. 
Were  it  not  for  the  exposures  in  ravines  and  gulches  one  would  notice 
little  difference  between  this  rock  and  the  normal  weathered  country  rock. 

The  main  body  of  the  dike  is  nearly  vertical,  irregular,  parallel  or 
nearly  so  to  the  alaskite  dike,  and  at  several  points  it  is  coincident  in 


BULLY  HILL  MINING  DISTRICT,   CALIFORNIA  83 

course  with  the  direction  of  the  main  ore  bodies.  In  the  deeper  work- 
ings of  the  mines  it  is  known  to  have  a  thickness  of  approximately  300  ft. 
To  the  south  of  the  Rising  Star  mine  it  pitches  under  the  shales  and 
disappears. 

In  the  hand  specimen  it  is  greenish  to  grayish  in  color  and  is  usually 
very  fine-grained,  although  at  times  it  is  coarse  enough  to  show  distinct 
phenocrysts.  It  frequently  exhibits  amygdaloidal  structure.  The  cav- 
ities in  all  cases  are  filled  with  calcite. 

In  conmion  with  the  alaskite  this  dike  sends  off  branches  which 
undergound  give  considerable  trouble  and  annoyance  in  mining  opera- 
tions.    Some  of  the  smaller  branches  are  finely  felsitic  in  texture. 

The  dike  has  been  changed  by  shearing  and  alteration,  so  that  in  the 
mines  the  dike  material  exactly  resembles  sheared  masses  of  ore.  With 
reference  to  the  age  of  this  intrusion,  it  is  the  youngest  igneous  outbreak 
found  in  the  district  mapped,  and  although  a  definite  age  cannot  be 
assigned  to  it,  it  is  known  to  intersect  the  lower  members  of  the  Pit  shales 
and  therefore  must  be  as  young  at  least  as  the  series,  which  is  considered 
as  Upper  Triassic. 

IV.  Petrography  op  the  Rock  Types 

The  chief  object  of  the  microscopic  study  of  the  rock  types  has  been 
to  identify  them  and  to  suggest  processes  directly  connected  with  the 
genesis  of  the  deposits.  Although  the  metamorphism  is  complex  and  the 
processes  of  mineralization  have  persistently  overlapped  other  stages,  it 
is  believed  that  the  best  results  will  be  obtained  by  attempting,  as  far  as 
possible,  to  treat  the  various  stages  as  individual  and  separate  phases 
even  though  the  several  processes  have  been  simultaneous. 

The  specimens  of  rock  have  been  collected  in  a  systematic  study  of  the 
Bully  Hill  district,  and  represent  quite  fully  the  range  of  types.  In  the 
set  of  rocks  which  has  been  selected  as  typical,  microscopic  study  shows 
the  following:  (1)  andesites,  andesite  tuffs,  and  some  rhyolite  tuffs  among 
the  pyroclastics;  (2)  alaskite  and  andesite  as  the  representatives  of  the 
intnisives. 

Tuffs,  of  both  the  andesitic  and  the  rhyolitic  varieties,  are  the  domi- 
nant types  and  include  11  specimens  of  the  total  24.  Next  in  importance 
are  the  andesitic  flows  which  give  rise  to  the  breccias.  Then  follow  the 
intrusives,  which  can  be  grouped  into  two  main  types:  extremely  acid  and 
moderately  basic. 

The  phases  of  mineralization  may  be  listed  under  several  different 
heads,  but  this  arrangement  does  not  mean  that  the  processes  necessarily 
followed  one  another  in  definite  sequence.  Aside  from  dynamic  changes, 
a  study  of  thin  sections  shows  that  all  of  the  following  processes  have  been 
operative  in  producing  the  present  characters  in  the  rocks  and  ores. 
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They  are:  sulphatization,  carbonatization,  sulphidation,  chloritization, 
serpentinization,  and  silicification. 

Andesite  Flows 

m 

The  andesites  range  in  texture  from  distinctly  porphyritic  to  finely 
felsitic  and  glassy  varieties.  The  characteristic  andesite  is  a  close- 
textured,  dense,  grayish  to  greenish  rock  containing  visible  phenocrysts 
of  feldspar  in  a  greenish  ground  mass.  The  representatives  of  this  class 
accumulated  as  thick  flows,  in  some  of  which  crystallization  was  well 
advanced  before  movement  ceased. 

The  felsitic  and  gl^U3sy  varieties  are  without  doubt  those  which  were 
poured  out  on  the  surface  as  thin  flows  and  sheets.  In  some  of  these  the 
escaping  gases  have  left  the  mass  porous,  but  this  feature  is  not  always 
prominent.  The  microscopic  features  show  the  porphyritic  varieties  to 
consist  of  labradorite  with  some  hornblende  in  a  felsitic  ground  mass. 
The  feldspars  are  large  and  contain  numerous  scattered  inclusions,  pre- 
sumably ilmenite.  In  the  finer-grained  varieties  the  feldspar  and  horn- 
blende wane  and  in  the  glassy  facies  these  minerals  entirely  disappear. 

Only  fragmentary  evidences  of  biotite  remain  and  in  the  highly 
altered  types  this  is  often  indicated  by  the  arrangement  of  grains  of 
magnetite. 

The  transition  of  the  porphyritic  types  to  the  finer-grained  varieties 
is  gradual  but  distinct.  The  alteration  of  the  andesites  is  a  very  salient 
characteristic.  Aside  from  the  ordinary  weathering  to  chlorite,  kaolin, 
and  epidote,  some  sericite  was  noticed,  especially  where  the  rocks  were 
badly  crushed.  Some  of  the  larger  phenocrysts  of  feldspar  show  internal 
strain,  as  seen  in  the  wavy  extinction.  Where  the  crush  has  been  extreme 
the  phenocrysts  are  badly  broken  and  comminuted.  The  glassy  types 
show  only  irregular  areas  traversed  by  numerous  cracks  and  fissures. 
For  the  most  part  such  areas  show  advanced  divitrification,  so  that  in  the 
present  form  they  resemble  mottled  patches  with  irregular  boundaries. 
Under  the  high  power  of  the  microscope  such  areas  resolve  into  an  aggre- 
gate of  quartz  and  feldspar.  In  cases  where  devitrification  has  not 
progressed  too  far  characteristic  glassy  textures  are  still  to  be  seen. 

Tuffs 

Only  a  small  number  of  types  belong  to  this  group  and  each  is  desig- 
nated according  to  the  kind  of  lava  fragments  it  contains.  As  a  whole 
these  rocks  do  not  possess  great  petrographical  interest.  In  the  hand 
specimen  they  are  not  conspicuously  fragmental,  but  if  examined  with  a 
pocket  lens  they  will  be  found  to  contain  lighter  and  darker  colored  grains 
imbedded  in  a  gray  ground  mass.  Numerous  small  specks  of  magnetite 
are  present.    The  following  types  seem  to  deserve  mention: 

Andesite  Tuff. — The  andesite  tuff  includes  all  the  rocks  composed  of 
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volcanic  detritus  which  is  clearly  andesitic  in  composition.  The  texture 
is  therefore  of  wide  range  and  includes  rocks  made  up  of  lapilli  as  well  as 
those  consisting  of  sand  and  dust.  Under  the  microscope  the  clastic 
character  of  the  rock  is  easily  recognized  and  the  mass  is  seen  to  be  com- 
posed of  intermingled  fragments  of  feldspars  and  glass.  The  andesite 
tuffs  are  badly  altered  or  decomposed  and  this  feature  renders  them  very 
difficult  to  study.  Although  the  alteration  is  well  advanced  and  the 
particles  are  very  fine,  yet  the  microscope  shows  traces  of  porosity. 
Many  of  the  fragments  still  show  evidence  of  original  glassy  texture.  The 
tuffs  alter  to  kaolin  and  sericite,  and  where  the  ferro-magnesian  minerals 
have  been  prominent  these  have  given  rise  to  considerable  amounts  of 
chlorite  and  iron  oxide. 

Rhyolite  Tuff. — ^In  the  essential  features  the  rhyolite  tuff  does  not 
differ  markedly  from  the  andesitic  variety  except  in  the  presence  of  quartz 
phenocrysts  imbedded  in  a  large  amount  of  dust-like  material.  This 
dust  may  have  been  in  part  glasi^,  but  the  present  metamorphosed  con- 
dition of  the  products  makes  any  trustworthy  statement  of  the  original 
condition  uncertain.  The  range  in  size  of  fragments  is  variable.  Rarely 
do  the  particles  exceed  5  mm.  in  diameter  and  three-quarters  of  the  entire 
mass  is  less  than  1  mm.  in  diameter.  The  presence  of  quartz  grains 
makes  the  identification  of  the  rock  comparatively  easy.  This  rock 
involves  glassy  fragments  as  well  as  mineral  grains,  all  of  which  are  sharp, 
angular  particles,  exactly  analogous  to  volcanic  detritus.  Although  the 
macroscopic  evidence  indicating  that  the  rock  is  tuffaceous  is  strong  th 
microscopic  evidence  is  still  stronger  and  demonstrates  completely  its 
volcanic  origin.  Numerous  stringers  of  partly  devitrified  glass  are  to  be 
seen,  together  with  numerous  small  grains  of  magnetite.  Like  the  ande« 
site  tuffs,  these  rocks  are  also  porous,  and  when  altered  give  rise  tosericite, 
kaolin,  and  some  leucoxene.  The  kaolin  occurs  as  irregular  earthy 
patches  and  in  some  slides  makes  up  a  large  part  of  the  rock  mass.  The 
seridte  had  its  origin  in  the  feldspars  and  usually  occurs  as  fine  aggregates. 

The  tuffs  as  a  whole  are  mineralized  and  this  phase  will  be  described 
in  detail  on  a  later  page. 

Eleven  specimens  out  of  the  24  are  fragmental  in  character  and  were 
originally  composed  entirely  of  volcanic  detritus.  They  are  the  tuffs. 
The  fragments  vary  in  size  from  3  mm.  down  to  fine  dust.  Two  specimens 
of  the  11  are  best  classified  as  andesite  tuff,  while  the  remaining  ones  are 
decidedly  rhyolitic  in  general  make-up.  Nine  of  the  11  specimens  show 
pyrite  in  varsring  amounts  from  fine  sprinklings  of  dust-like  particles,  not 
exceeding  3  per  cent,  of  the  mass,  to  those  in  which  the  sulphide  runs  as 
high  as  20  per  cent,  or  more.  One  specimen  shows  blende  in  minor 
amounts.  Seven  show  the  presence  of  chlorite  and  serpentine,  while  two 
show  notable  amounts  of  carbonate.  Seven  show  the  presence  of  gypsum 
and  all  show  traces  of  silicification. 
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Of  the  tuffs  there  is  one  specimen  that  deserves  special  comment  since 
it  shows  some  interesting  features  not  commonly  seen  in  the  rest  but  which 
are  believed  to  be  general  throughout  the  entire  class  of  tuffs.  This 
particular  feature  is  to  be  noted  when  the  sulphate  encroaches  upon  and 
entirely  replaces  the  quartz  grains,  Fig.  7.  In  the  same  section  pytite  is 
seen  encroaching  upon  quartz  grains  and  completely  replacing  them.  It 
appears  from  these  slides  that  the  conditions  under  which  the  solutions 
existed  were  such  that  silica  vas  dissolved  and  a  sulphide  as  well  as  a 


Fio.  7. — Dark  Area  ib  a  Quartz  Grain  in  Rhyoutb  Tuff. 
The  quartz  is  being  replaced  by  gypaum,  shown  in  the  upper  right-hand  area 
X  50  diameters. 

sulphate  was  deposited.  It  is  well  known'  that  the  solubility  of  gypaum 
decreases  with  increase  of  temperature  above  100"  C,  and  that  silica  is 
dissdlved  with  Increase  of  temperature.  It  is  quite  posedble  that  the 
limits  for  the  solubility  of  gypsum  were  closely  approached,  so  that  the 
sulphate  already  in  solution  was  thrown  out  and  silica  taken  up.  Clarke* 
states  that  "Hot  waters,  charged  with  sulphuric  or  hydrochloric  acid, 

'  Seidell:  SdubUUiet  of  Inorganic  and  Organic  SiAstancet  (New  York,  1911). 
*  BviieHn  No.  491,  U.  S.  Geological  Sumy,  p.  459  (191i). 
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attack  nearly  all  eruptive  rocks,  dissolve  nearly  all  bases,  and  leave 
behind,  in  many  cases,  mere  skeletons  of  silica." 

Two  specimens  of  the  24  are  typical  breccias,  the  fragments  of  which 
are  at^ular  in  character,  greenish  in  color  and  cemented  together  with 
Kypsum,  These  rocks  are  of  such  unusual  petrographic  character  that 
they  well  merit  special  descriptioo.  The  fragments,  although  ori^nally 
sharply  angular,  are  now  conspicuously  sheared  and  at  first  sight  resemble 


Fig.  8.— Thin  Section  of  a  Greenish  Fbaoment  Found  in  Gypsum. 
The  curved  lines,  accentuated  in  part  by  the  airangement  of  the  black  sulphide 
grains,  are  interpreted  to  be  perlitic  cracks  of  a  glassy  rock.     X  50  diameters.    Trans- 
mitted light. 

ineces  of  serpentine.    They  are  usually  very  soft  and  at  times  are  fissured 
irith  carbonate  and  sulphate  of  lime. 

Scattered  through  many  of  the  other  specimens  are  greenish  areas 
which  closely  resemble  the  fragments  of  the  breccia  in  hand  specimen, 
but  a  study  of  thin  sections  shows  that  the  fragments  of  the  breccia  were 
originally  glassy.  In  spite  of  the  d^ree  of  shearing  that  is  in  evidence  in 
most  of  the  surrounding  rocks,  and  also  in  these  specimens  as  well,  many 
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details  of  thar  origiiial  texture  are  preserved  with  a  sharpness  scarcely  to 
be  looked  for  in  rocks  which  have  had  such  a  history. 

It  is  generally  agreed  that  dynamic  action  is  a  powerful  agent  in 
completely  obliterating  all  such  structures,  but  in  this  instance  it  does  not 
appear  to  hold  true.  Glassy  rocks  are  known  to  be  more  ea^ly  attacked 
than  many  others  and  are  subject  to  either  alteration  or  complete  destruc- 
tion, so  that  preservatjott  of  the  glassy  breccia  without  apparent  loss  of  its 
original  earmarks  and  quick-chill  characteristics  must  be  regarded  as  very 


Fio.  9. — Saub  SxcnoN  as  Fiq.  S,  bot  undxr  Polarieed  Lioht. 

interestii^,  if  not  exceptional.  In  the  hand  specimen  the  rock  presents  a 
uniformly  sheared  crystsJline  matrix  in  which  are  imbedded  greemsh 
fragments  varying  in  size  from  an  inch  in  diameter  downward  to  micro* 
scopic  dimensions.  Most  of  the  fragments  are  heavily  pyritizedaiidthe 
individual  grains  of  pyrite  are  conspicuously  arranged  along  curved  lines 
which  are  exactly  analogous  to  perlitic  cracks,  Figs.  8  and  9.  Many  of 
the  frs^^ents  show  distinct  flow  lines  under  the  moderate  power  of  the 
microscope.  In  the  hand  specimen  they  often  show  how  the  fragments 
have  been  drawn  out  into  "Augen."    In  some  types  this  arrangement 
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of  the  fragments  gives  to  the  larger  rock  masses  a  distinctly  banded 
appearance. 

In  thin  section  the  greenish  grains  are  either  isotropic  or  else  they  show 
devitrification  changes.  No  chemical  analysis  of  the  greenish  fragments 
has  been  made,  but  since  they  are  closely  related  to  flow  rocks  they  are 
provisionally  classed  as  acid  glasses.  In  one  thin  section  the  greenish 
patches  show  original  porphyritic  habit.  These  areas  generally  represent 
original  glassy  rocks  and  they  are  certainly  being  replaced  by  the  gypsum. 
Stringers^and  shreds  of  such  material  are  being  encroached  upon  from  all 
sides,  and  they  remain  as  cores.  Like  the  breccia,  these  greenish  areas 
are  heavily  charged  with  sulphides,  and  the  conclusion  is  made  that  the 
same  mineralizers  which  introduced  the  sulphates  were  influential  in 
introducing  the  sulphides  as  well.  The  sulphate  was  introduced  as  a 
vein  filling,  and  this  feature  establishes  its  secondary  character.  As  in  the 
case  of  the  breccia,  these  rocks  were  originally  flows  and  are  best  regarded 
as  acid  glasses. 

One  specimen  out  of  the  entire  series  is  classed  as  a  rhyolite  flow.  It 
is  badly  sheared,  and  under  the  microscope  shows  corroded  and  embayed 
grains  of  quartz.  Secondary  carbonate  has  replaced  some  of  the  ferro- 
magnesian  minerals,  and  this  feature  gives  to  the  rock  a  mottled  appear- 
ance. There  are  a  few  patches  of  divitrified  glass  which  still  show  pro- 
nounced flowage.  There  is  no  evidence  of  introduced  sulphate  or  sul- 
phide. Small  amounts  of  secondary  silica  are  to  be  seen  in  microgranular 
patches. 

The  remaining  specimens  are  grouped  as  dikes,  and  out  of  the  total 
number  of  rock  types  there  are  eight  representatives  which  can  be  de- 
scribed under  two  types. 

Under  this  head  are  included  only  those  dikes  which  are  intimately  re- 
lated to  the  ore  deposits.  There  are  others  in  various  parts  of  the  area 
mapped,  but  they  all  have  a  striking  similarity  in  structiu-al  relationships. 
For  convenience  they  will  be  described  in  order  of  age. 

Alaskite-Porphyry 

This  is  the  most  conspicuous  dike  rock  in  the  district.  It  is  generally 
light  colored,  very  acid,  and  is  at  times  mottled.  The  phenocrysts  of  the 
rock  consist  of  quartz  and  feldspar,  the  feldspar  generally  slightly  pre- 
dommating.  The  ground  mass  is  seen  to  consist  of  a  microgranular 
mixture  of  quartz  and  feldspar.  Some  of  the  larger  phenocrysts  of  feld- 
spar, because  of  orientation,  do  not  show  the  usual  twinning.  The  chief 
accessory  minerals  are  magnetite  in  small  grains  apatite,  and  rarely 
zircon. 

The  quartz  phenocrysts  are  embayed  and  heavily  corroded,  as  seen  in 
Fig.  10.  The  feldspars  are  ^tered  in  part  to  kaolin.  There  is  little  or  no 
smcite,  and  the  specimen  is  notably  free  from  mineralization.    The  rock 


90  BULLT  HILL  laNINQ  DISTBICT,  CALIFOBNIA. 

maas  has  been  fractured  but  haa  been  later  recemented  by  quutz.  The 
alteration  products  are  chlorite  and  epidote  in  amall  amount,  derived  in 
all  probability  from  original  flakes  of  mica.  The  dike  varies  in  thicknesB 
and  on  thin  edges  it  is  rdatively  fine  grained,  while  in  the  center  of  the 
larger  masses  the  texture  is  rather  coarsely  grajned. 

Althoi^h  in  places  the  rock  shows  conchoidal  fracture  it  conttuns  no 
glass.     Diller'"  regarded  this  rock  as  a  surface  flow  and  recorded  it  asbeing 


Fio.  10. — Corroded    Phemocrtbt    in    Alabkite-Porphyhy. 
Light  area,  quarti;  dark  area,  unaltered  ground  mass.     X  50  diameten.    Croaaed 
Nicola. 

older  than  the  sedimentary  formations  apparently  resting  upon  it.  From 
bis  various  published  statements  regarding  these  relationships  it  may  be 
inferred  that  such  a  conclusion  was  not  reached  without  some  hesitation. 
Recent  study  of  the  structural  relations  in  depth  shows  that  all  such  masses 
can  best  be  regarded  as  intrusives,  and  this  idea  was  entertwned  by  H.  W. 
Fairbanks. " 

'*  Redding  F<Av>,  No.  138,  V.  S.  Geological  Survey,  p.  S  (1906). 

"  EltMiOh  Report  of  the  Califomia  Stale  Mitteraloffiet,  p.  32  (1892). 
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Andesite  Dike 

In  appearance  the  andesite  dike  is  a  dark  gray  to  greenbh  fine-grained 
rock,  sometimes  showing  a  tendency  to  amygdaloidal  structm*e.  The 
microscope  proves  that  the  rock  consists  of  phenocrysts  of  orthoclase 
imbedded  in  a  fine-grained  ground  mass  of  lath-shaped  feldspars.  The 
chief  accessory  minerals  are  magnetite  and  rarely  rutile.  The  rock 
appears  more  basic  than  is  actually  the  case.  It  varies  in  composition 
from  point  to  point  and  shows  in  its  northernmost  outcrop  the  presence  of 
some  pyroxenes.  Like  the  alaskite  dike,  it  also  sends  off  branches  into 
the  country  rock,  and  these  are  finely  felsitic.  Both  dike  rocks  have  been 
sheared  and  have  been  replaced  in  part  by  sulphides,  sulphates,  and  car- 
bonates. Although  the  dikes  vary  from  point  to  point  the  following 
analyses  made  on  typical  specimens  of  the  freshest  material  will  give  an 
idea  of  their  chemical  character. 

Analyses  of  Alaskiie-Parphyry  and  Andesite  Dike 


SiO,. . 

AWi. 
Fe,0,. 
FeO.. 
MgO. 
CaO.. 
Na,0. 


HiO  at  105**. . . . 
H,0  above  105** 
TiO, 

PA 
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SO,.. 
CO,.. 
MnO. 
BaO. 
ZrO,. 


Totals. 
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(A) 

(B) 
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78.50 

81.25 

49.85 

11.60 

1            9.03 

17.00 

0.11 

0.63 

4.02 

1.82 

0.40 

6.61 

0.46 

2.48 

7.65 

0.50 

trace 

1.18 

6.04 

0.25 

4.78 

none 

1.82 

none 

0.30 

1.09 

2.16 

0.82 

2.81 

6.65 

0.27 

0.08 

0.97 

0.03 

trace 

0.10 

0.13 

0.35 

0.07 

none 

none 

none 

none 

none 

none 

0.03 

trace 

none 

none 

0.05 

trace 

none 

none 

none 

100.51 

100.24 

99.94 

(A)  and  (B),  Alaskite-porphyry  dike  rock  near  Bully  Hill  mine,  rich  in  porphyritic 
quarts.     (A)  analyzed  by  George  Steiger,  (B)  by  E.  T.  Allen. 

(C),  Andesite  dike  forming  the  east  wall  of  BuUy  Hill  mine.  Analysed  by  E.  T. 
AUen.    BvUeiin  No.  228,  U.  S.  Geological  Survey,  p.  210  (1904). 

The  various  specimens  of  the  andesite  dike  show  pronounced  shear 
effects  and  along  such  planes  there  is  evidence  of  introduced  carbonates 
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and  sulphides.  The  carbonates  fill  irr^ular  cavities,  and  while  the  sul- 
phide is  often  found  along  the  borders  of  the  calcite  areas  it  is  not  con- 
fined to  these  alone.  The  cracks  and  fissures  are  most  heavily  mineralized, 
although  in  one  specimen  the  sulphide  appears  to  be  uniformly  scattered 
throughout  the  mass.  In  only  one  specimen  of  the  andesitic  dike  rock 
was  sulphate  found.    One  specimen  shows  introduced  copper  carbonate. 

It  is  in  the  andesite  dike  and  its  apophyses  that  the  greatest  amounts 
of  chlorite  and  serpentine  are  found.  In  all  cases  these  products  have 
been  produced  by  hydrous  alteration  from  former  ferro-magnesian  py- 
roxenes as  well  as  amphiboles. 

More  than  half  of  the  specimens  contain  ores,  which  are  confined  to  the 
tuffs.  Where  the  gypsum  is  found  it  appears  also  to  favor  the  fragmental 
rockS;  especially  the  tuffs.  In  some  of  the  specimens  all  original  struc- 
tures are  obsciu'ed  in  the  various  processes  of  sulphatization,  sulphidation, 
and  silicification.  In  a  few  there  are  satisfactory  evidences  of  original 
minerals  and  structures  that  prove  the  tuffaceous  character  of  the  original 
rock.  In  the  rhyolites  the  phenocrysts  have  resisted  alteration  where  all 
other  structures  have  been  destroyed.  In  such  cases  the  ores  are  essen- 
tially replaced  rhyolites  and  rhyolite  tuffs.  Some  of  the  specimens  show 
marked  crushing  and  these  have  been  preserved  as  breccias.  The  sul- 
phides and  the  sulphates  were  deposited  in  some  specimens  simultaneously, 
and  in  others  the  sulphides  alone  are  promiscuously  distributed  through 
the  rocks. 

V.  Description  of  the  Mines 

The  descriptions  are  presented  according  to  the  geographic  position 
of  the  three  properties  in  three  major  groups.  The  chief  producing 
mines  have  been  divided  into  the  southern,  middle,  and  northern;  and 
comprise  the  Copper  City,  the  Rising  Star,  and  the  Bully  Hill,  respectively. 
The  writer  was  permitted  personally  to  visit  each  of  the  properties,  where 
ample  opportunity  was  enjoyed  for  studying  both  surface  and  under- 
ground geology.  Under  present  conditions  such  good  opportunities  are 
not  afforded. 

The  most  southerly  of  the  properties  is  the  Copper  City.  Although 
the  first  property  to  be  extensively  worked  it  is  now  the  smallest.  The 
ore  is  more  dij£cult  to  treat  than  that  of  the  others.  The  mine  is  situated 
about  1,000  ft.  west  of  Zinc  creek,  and  just  south  of  Killanger  peak.  A 
tunnel  a  few  feet  above  the  level  of  Squaw  creek  has  been  driven  to  a 
distance  of  1,000  ft.  or  more  in  a  northwest  direction,  and  for  the  greater 
part  of  the  distance  it  is  in  a  contact  zone  between  shale  on  the  east  and 
alaskite  on  the  west. 

These  broad  relationships  have  been  modified,  however,  by  extensive 
fracturing  and  fissiuing,  with  some  shearing,  so  that  while  the  zone  of 
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mineralization  is  somewhat  irregular,  it  is  roughly  northeast  in  direction 
and  has  a  nearly  vertical  dip.  The  shear  zone  has  been  richly  mineralized 
and  ore  shoots  of  lenticular  shape  have  resulted.  The  thickness  of  these 
bodies  varies  from  a  thin  edge  on  the  margins  to  14  ft.  or  more  near  the 
middle.  The  width  of  the  shoots  varies  from  30  to  150  ft.  The  central 
part  of  the  shoot  is  generally  the  thickest.  The  longer  axes  coincide  with 
the  general  foliation  of  the  inclosing  rocks.  Where  the  walls  have  been 
mineralized  they  have  also  been  mined;  but  in  no  instance  have  they  been 
so  productive  as  to  be  regarded  as  important  sources  of  ore. 

The  principal  ore  bodies  have  resulted  from  the  complete  replacement 
of  the  country  rock.  The  mine  is,  however,  in  the  early  stages  of  its 
development;  and  no  very  extensive  shoot  has  been  mined  out.  The  ore 
consists  of  a  mixture  of  p3rrite;  bornitC;  chalcopyrite,  and  an  abundance  of 
sphalerite.  There  are  also  minor  amounts  of  galena  scattered  through 
the  masses.  In  later  years  the  sphalerite  has  become  so  abundant  as  to 
make  the  extraction  of  the  copper  difficult.  The  workings  have  also 
revealed  a  badly  sheared  intrusive  dike,  containing  copper  minerals, 
apparently  not  original.     They  are  subsequently  described. 

The  next  property  is  about  2  miles  to  the  north  of  Copper  City,  and 
although  it  is  the  latest  of  all  to  be  worked,  it  is  nevertheless  of  great 
importance.  The  mine  is  called  the  Rising  Star  and  is  situated  near  the 
head  of  Buck  gulch,  which  has  its  source  in  the  south  slope  of  Bully  hill. 

The  andesites,  alaskite-porphyry,  and  andesitic  dike  are  well  exposed. 
So  far  as  known  the  andesite  dike  lies  wholly  to  the  east  of  the  principal 
ore  body,  and,  as  aheady  stated,  is  faulted  so  that  detached  portions  are 
shifted  to  the  west.  The  main  lodes  are  lenticular  in  shape,  with  their 
longer  axes  pitching  60^  or  more  to  the  north,  and  having  a  general  strike 
of  N.'  10^  E.  The  shoots  have  been  formed  by  replacement  of  the  sheared 
rock. 

The  ores  are  mixtures  of  sulphides,  chief  of  which  are  p3rrite,  chal- 
copyrite,  and  bomite,  with  small  quantities  of  sphalerite.  Of  special 
interest  in  this  mine  are  xnasses  of  gypsum  and  smhydrite,  with  minor 
amounts  of  barite,  the  latter  being  sparingly  present  in  the  ores.  The 
workings  are  extensive  and  have  reached  a  depth  of  approximately 
1.000  ft.  The  surface  geology  presents  rocks  which  consist  almost 
entirely  of  sheared  andesites  and  tufifs  highly  stained  with  iron  oxide. 
The  andesite  dike,  although  not  conspicuous,  is  known  to  exist  to  the  north 
and  east  of  the  main  tunnel.  At  the  time  of  this  writing  no  commercial 
ore  has  been  found  east  of  the  dike. 

The  northernmost  property  comprises  the  Delamar  lode  of  Bully  Hill. 
This  mine  is  the  most  extensively  developed  of  all.  It  is  situated  on  the 
south  slope  of  Town  creek,  which  has  its  source  in  the  northeast  slope  of 
Bully  hiU  and  the  southeast  slope  of  Town  mountain.  The  workings  are 
entered  by  means  of  a  tunnel,  Fig.  11,  1,400  ft.  long,  which  passes  into 
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the  hill  in  a  general  southwest  direction.  The  shaft  ne^  the  end  of  the 
tunnel  ia  more  than  1,000  ft.  deep  and  connects  with  a  number  of  drifts 
and  cross-cuts. 

The  geology  is  similar  to  that  of  the  Rising  Star  mine.  The  general 
structure  is  simple,  but  the  details  of  the  structure  and  the  deformation 
which  produced  it  are  not  only  complex  but  in  some  instances  are  beyond 
exact  determination.  This  is  due  to  the  complex  folding  of  the  igneous 
members. 

The  ore  bodies  are  strikingly  lenticular  in  shape  and  conform  perfectly 
to  the  foliation  of  the  sheared  country  rock.    The  lodes  lie  much  nearer 


Fia.  11. — The  Main  Pobtai,  of  Buix-y  Hill  Mine,  Loobinq  Southwest. 
Alaskite-porpbyry  seen  immediately  above  the  right-hand  end  of  buildiog. 

the  andesite  dike  than  those  in  the  Rising  Star  mine.  They  are  richer 
nearer  the  dike  and  leaner  as  they  are  followed  toward  the  west.  From 
detailed  study  there  is  no  doubt  that  the  shoots  represent  completely 
replaced  sheared  rock,  which  may  be  andeaites,  tuffs,  or  alaskif e-porphyry. 

The  lenticular  bodies  range  in  size  from  masses  a  few  inches  in  dimen- 
sions to  those  of  hundreds  of  feet  in  length.  The  thickness  appears  to  be 
controlled,  in  part  at  least,  by  the  width  of  the  more  completely  sheared, 
and  therefore  the  more  easily  replaced,  country  rock. 

Gypsum  and  anhydrite  occur  here  substantially  in  the  same  way  as  in 
the  Risii^  Star  mine,  and  will  receive  discussion  under  the  topic,  "The 
Gypsum  Masses." 
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Summary. — It  is  plain  from  the  preceding  statements  that  the  mines 
are  located  in  a  line  corresponding  closely  with  the  shear  zone.  The  shoots 
are  strikingly  lenticular  in  shape,  with  their  longer  axes  parallel  to  the 
foliation  of  the  inclosing  rock  masses;  their  longer  axes  also  pitch  steeply 
to  the  north,  and  the  deposits  in  places  attain  a  thickness  of  30  ft.  or  more. 
Additional  descriptions  of  the  ore  bodies  will  be  given  under  "Metallifer- 
ous Deposits." 

VI.  Metalliferous  Deposits 

The  metalliferous  deposits  of  the  Bully  Hill  district,  so  far  as  known,  are 
simple  and  uniform,  and  constitute  three  principal  tracts  intimately 
related  to  an  igneous  intrusive  (alaskite-porphyry)  locally  known  as 
Bully  Hill  quartzite.  These  tracts  are  represented  on  the  map  and 
roughly  embrace  an  area  of  1  by  3  miles. 

The  Bully  Hill  and  Rising  Star  mines  form  a  group  comprising  the 
most  important  ore  bodies  of  the  district,  and  although  ore  is  known  at 
Copper  City,  and  the  mines  have  been  operated  at  irregular  intervals  for 
many  years,  the  composition  of  the  ores  has  until  recently  made  the  mine 
of  small  importance.  Detailed  study  of  the  ore  bodies  shows  disconnected 
but  often  overlapping  masses  varying  in  size  from  mere  flattened  nodules 
several  inches  in  diameter  to  large  masses  hundreds  of  feet  in  length  and 
30  ft.  or  more  in  width. ' 

These  characteristically  lenticular  masses,  which  are  roughly  parallel 
to  the  andesite  dike  previously  mentioned,  and  which  lie  between  it  and 
the  alaskite-porphyry,  pitch  steeply  to  the  north  and  are  longest  in  that 
direction.  The  crushed  rock  contiguous  to  the  ore  bodies  and  wholly 
within  the  shear  zone  is  generally,  but  not  always,  impregnated  with 
sulphides.  It  follows,  therefore,  that  there  exist  in  the  mines  theoretically 
two  distinct  masses  of  ore,  one  having  a  roughly  lenticular  shape,  the 
other  somewhat  irregularly  replaced  brecciated  rock.  The  latter  is  an 
important  soprce  of  ores,  and  at  times  is  characterized  by  more  or  less 
complete  secondary  enrichment.  It  might  be  stated  that  while  there  are 
two  distinct  modes  of  ore  occurrence,  there  is  rarely  any  distinction 
between  the  minerals  conunon  to  both.  Occasionally  there  are  residuary 
cores  of  rock  in  the  ore  which  indicate  replaced  fragments.  Aside  from 
this  the  only  distinction  is  based  on  sparsely  distributed  minerals  in  the 
country  rock. 

As  the  ore  bodies  lie  wholly  within  a  metamorphosed  area  of  igneous 
rocks,  the  individual  members  of  which  have  been  sheared  and  dis- 
turbed, it  follows  that  the  shoots  themselves  may  likewise  be  disturbed. 
Careful  study  shows  that  subsequent  to  the  original  deposition  of  the 
major  ore  bodies  several  later  dynamic  movements  have  taken  place, 
each  producing  fractures  which  have  affected  the  mineral  deposits. 
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Although  the  movements  have  for  the  most  part  been  of  the  minor  order, 
the  subordinate  fracturing  has  taken  place  mainly  parallel  to  the  foliation 
of  the  country  rock.  It  is  also  believed,  upon  good  evidence  in  the  field, 
that  important  shifting  has  resulted  at  approximately  right  angles  to  the 
existing  shear  zone.  Because  of  the  number  and  character  of  the  frac- 
tures it  is  impossible  to  determine  definitely  the  ages  of  the  different 
movements. 

This  condition  is  therefore  favorable  to  the  existence  of  faulted  parts 
of  the  main  ore  body,  and  applies  especially  to  the  north  end  of  the  Dela- 
mar  lode  in  Bully  Hill.  The  evidence — though  obscured  by  the  badly 
sheared  country  rock,  and  therefore  of  rather  unsatisfactory  character — 
shows  that  in  all  probability  the  faulted  portion  can  be  looked  for  farther 
to  the  east  than  the  main  lode  in  Bully  Hill.  The  strongest  evidence 
bearing  on  such  interpretation  is  twofold:  first,  the  isolated  mass  of 
alaskite-porphyry  near  the  eastern  end  of  Bully  Hill  dump,  which  is 
thought  to  be  shifted  from  a  position  which  it  once  had  near  the  main 
tunnel,  eastwardly  to  its  present  position;  secondly,  the  brecciated  zone 
and  otherwise  ground-up  material  just  above  the  wagon  road  leading  to 
the  Rising  Star  mine  and  directly  back  of  the  company  houses  as  one  goes 
south.  This  broken  and  fractured  zone  is  axially  in  line  with  an  escarp- 
ment produced  by  an  abrupt  ending  of  alaskite-porphyry  just  west  of  the 
main  portal.  Such  brecciated  zones,  within  the  mineralized  area,  have 
received  secondary  enrichment  by  copper-bearing  solutions. 

In  a  broad  way  the  general  distribution  of  the  productive  ore  zones 
with  reference  to  the  various  rock  formations  has  been  indicated  in  a 
previous  part  of  this  paper.  In  all  cases  the  deposits  occur  in  or  in  close 
association  with  altered  igneous  rocks,  generally  alaskite-porphyry, 
which  because  of  fracture  and  partial  alteration  exhibit  various  stages  of 
replacement.  The  occurrence  of  the  ore  in  depth  is  indicated  on  the 
surface  by  a  reddish,  usually  porous,  iridescent  gossan,  and  is  coextensive 
with  it. 

When  the  ore  bodies  had  been  finally  completed,  and  when  by  dynamic 
movements  they  were  placed  above  the  level  of  groimd  water,  oxidation 
resulted  and  the  subsequent  production  of  the  gossan  began.  It  is 
believed  that  a  very  great  vertical  extent  of  ore  was  in  this  manner 
affected,  and  it  is  quite  certain  that  the  solutions  which  leached  the  sur- 
face rocks  migrated  downward,  carrying  with  them  the  salts  which  tliey 
could  hold  in  solution,  until  they  came  in  contact  with  the  reagents  which 
would  cause  precipitation.  It  follows,  therefore,  that  the  leaner  masses 
below  would  receive  contributions  from  above  and  thus  become  enriched. 

The  vertical  distribution  of  the  ore  bodies  at  present  (1913)  is  known 
to  be  1,000  ft.,  and  at  this  depth  oxidized  minerals  exist  but  as  compared 
with  upper  levels  their  amount  is  waning.  The  downward  limit  of  the 
copper  ores  has  not  been  determined. 
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The  areal  distribution  is  shown  on  the  map,  but  because  of  the  charac- 
teristic weathering  of  the  siuface  rocks,  and  the  subsequent  spreading'of 
the  gossan,  there  is  no  sharp  distinction  between  the  country  rock  and  the 
mineralized  rock.  In  very  general  terms  it  might  be  stated  that  the  Dela- 
mar  lode  can  be  traced  on  the  surface  for  a  half  mile,  and  the  Anchor 
lode  of  the  Rising  Star  mine  for  a  quarter  mile.  The  width  of  the 
mineralized  zone  varies,  but  in  round  figures  it  is  not  far  from  300 
to  500  ft. 

Character  of  the  Ores 

In  a  number  of  instances  pyrite  appears  to  be  the  chief  mineral,  with 
chalcopyrite  as  a  very  common  and  characteristic  associate.  More  rarely, 
and  chiefly  in  the  zones  where  oxidation  and  enrichment  have  been  in 
progress,  we  find  chalcocite,  bernite,  covellite,  and  native  copper.  The 
t3rpically  oxidized  ores  if  followed  down  to  sufficient  depth  invariably 
give  way  to  secondary  enriched  products,  and,  when  these  are  not  promi- 
nent, to  the  unaltered  sulphides.  Although  some  grains  of  metallic 
copper  are  foimd  in  the  superficially  changed  rock,  the  decrease  in  assay 
values,  going  downward  in  the  rocks,  is  doubtless  to  be  explained  by  the 
well-known  fact  that  along  open,  water-bearing,  shear  and  fracture  zones, 
under  the  action  of  surface  waters,  copper  minerals  suffer  rapid  alteration 
and  transportation,  and  only  in  the  uppermost  parts  of  the  sheared  zone, 
especially  where  reducing  agents  have  had  play,  do  we  find  grains  of 
metallic  copper. 

At  present  the  deposits  of  commercial  value  are  mainly  those  which 
are  below  the  gossan  and  are  confined  to  that  part  of  the  zone  where 
enrichment  has  taken  place.  Wherever  the  products  of  enrichment  are 
present  chaIcop3rrite,  chalcocite,  covellite,  etc.,  associated  with  zinc  blende 
are  found. 

Some  shipping  ore  in  the  Bully  Hill  district  carries  as  much  as  6  per 
cent,  of  copper,  but  the  smelting  ores,  which  furnish  the  bulk  of  the  out- 
put, range  from  3  to  5  per  cent,  of  copper,  and  a  few  oimces  of  the  precious 
metals,  mostly  silver,  to  the  ton.  The  ores  of  the  various  mines,  as  well  as 
different  parts  of  the  same  mine,  exhibit  a  considerable  range  in  tenor. 
In  the  outcrop,  where  the -gossan  is  in  great  abundance,  small  nuggets  of 
gold  have  been  found.  It  is  from  this  source  chiefly  that  gold  has  been 
derived  for  the  placers. 

There  are  many  surface  outcrops  which  still  yield  gold  after  the  rock 
is  crushed  and  panned.  It  follows,  therefore,  that  the  gossan  carries 
higher  values  in  gold  than  the  ore  extracted  at  depth. 

Mineralogy  of  the  Ores 

Metallic  Minerals  (Metals). — Filaments  of  native  copper  occur  in 
greatly  altered  and  much-bleached  country  rock,  detailed  study  of  which 
VOL.  xLvin. — 7 
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indicates  that  originally  the  masses  were  rhyolites  or  rhyolite  breccias. 
The  surface  rocks  by  early  mining  methods  yielded  notable  amounts  of 
native  copper,  but  at  present  such  materials  are  not  an  important 
source  of  the  metal.  Just  how  the  copper  accumulated  is  not  known, 
but  in  all  probability  the  presence  of  organic  compounds  played  an  im- 
portant part  in  its  reduction. 

Practically  all  the  gold  obtained  by  hydraulic  mining  occurs  in  the 
native  state.  Although  the  particles  are  uniformly  small  they  are  usually 
visible  on  close  inspection  in  all  the  detrital  accumulations. 

In  the  oxidized  ore  the  gold  occurs  in  a  siliceous,  limonitic  matrix, 
which,  without  doubt,  contributed  to  the  placers  of  local  areas.  lYom 
the  intimate  relation  of  the  gold  with  the  gossan  it  is  evident  that  a  very 
close  association  exists  between  it  and  the  original  sulphur-bearing  min- 
erals. In  the  pyrites,  however,  the  gold  is  in  such  a  state  of  fine  subdi- 
vision and  is  present  in  such  small  quantity  that  it  has  not  been  recognized 
under  the  microscope.  While  most  of  the  gangue  runs  high  in  iron  oxide, 
the  gold  is  frequently  closely  associated  with  cryptocrystalline  quartz. 
In  the  mine  workings,  and  particularly  in  the  vicinity  of  the  basic  dike, 
there  appears  to  be  a  gopetic  relation  and  close  association  with  barite  and 
sulphides  in  which  the  gold  is  apportioned  evenly  through  the  mass.  On 
the  surface  this  mass  alters  to  limonite,  quartz,  barite,  kaolinite,  and  in  a 
few  places  to  hematite. 

Native  silver  of  delicate  filiform  and  more  solid  shapes  has  been  re- 
ported from  the  upper  levels  of  the  mine  workings.  It  is  commonly 
associated  with  the  gold  in  the  iron-stained  capping  rock,  and  occasionally 
with  minute  quantities  of  malachite  and  azurite.  The  largest  and  richest 
masses  are  found  wholly  within  the  oxidized  zone  quite  near  the  surface. 
It  decreases  with  depth  and  is  generally  accompanied  by  an  increase  in 
zinc  and  galena,  minerals  which  seriously  interfered  with  the  early  amal- 
gamation methods  adopted  at  Copper  City.  It  may  be  stated  that  in 
general  the  occurrence  of  silver  is  less  common  than  native  copper. 

Microscopic  Characters  of  the  Ores, — The  material  for  microscopic 
examination  was  collected  for  the  purpose  of  establishing  the  sequence  of 
ore  deposition.  In  order  to  study  these  problems,  a  series  of  selected 
specimens  were  polished  and  examined  by  reflected  light,  the  general 
procediu-e  following  that  of  the  recent  researches  of  Prof.  William  Camp- 
bell and  others. 

The  chief  opaque  minerals  of  interest  which  enter  into  the  composition 
of  the  ores  of  the  Bully  Hill  mining  district  are,  in  order  of  their  impor- 
tance, pyrite,  chalcopyrite,  blende,  bornite,  galena,  and  covellite,  with 
minor  amounts  of  chalcocite.  Not  infrequently  transparent  minerals 
also  are  present  in  the  specimens,  chief  of  which  are  quartz,  calcite,  and 
gypsum.     These  minerals,  because  of  the  close  resemblance  to  each  other 
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vhen  observed  by  this  method,  ue  beat;  identified  in  siloed  sections  rather 
than  by  reflected  light. 

Pyriie. — Detfdled  studies  show  that  in  the  freshest  fpecimens  of 
alaskite-porphyry  there  are  no  metallic  sulphides  which  crystallized 
from  fusion  as  did  the  other  components  constituting  the  rock  mass. 
Pyrite  is  indeed  found  disseminated  through  the  alaskite,  but  it  is  believed 
that  it  was  form^  at  a  time  after  the  aJaskite  had  solidified.  In  this 
Dccmrence  the  mineral  usually  forms  aggr^ates  and  grains.  Individual 
crystals  of  free  growth  and  sufficiently  large  for  recc^nition  of  the  crystal 


Pia,  12.— Lean  Pvbitb  Okb  with  Veins  of  Chalcopyritb. 
Reflected  light.     X  50  diameters,     i 

habit  are  comparatively  rare.  Such  faces  as  are  visible  indicate  that  the 
prevalent  form  is  the  pyritohedron,  variously  modified.  When  the  crys- 
tals have  been  able  to  grow  without  mutual  interference,  which  frequently 
happens  in  places  filled  with  soft  massive  gypsum  or  kaolinite,  the  usual 
fomi  assumed  is  a  sharply  defined  cube,  in  some  instances  modified  by 
octohedral  and  dodecahedraJ  faces.  Such  forms  have  been  noted  par- 
ticularly in  the  Delamar  lode  of  Bully  Hill.  Some  brilliant  crystals  have 
been  found  imbedded  in  a  quartzose  matrix  just  to  the  north  of  Bagster 
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abaft.  These  stupes  show  that  pyrite  was  the  first  of  the  ore  minerals  to 
crystallize.  Wheth«  or  not  the  pyrite  ia  auriferous  is  not  easily  deto-- 
mined.  That  it  is  not  highly  so  is  certfun,  since  tests  of  the  most  pyritous 
matter  often  show  httle  or  no  gold,  and  an  abundance  of  pyrite  is  gen- 
erally a  sign  of  poor  rather  than  of  rich  ore. 

Where  the  pyrite  ia  in  masses  innumerable  branching  cracks  traverse 
the  specimen  in  every  direction  (Fig.  12).  As  far  as  could  be  determined, 
ao  oihet  metallic  mineral  of  importance  could  be  seen.    This  fact  does 


FiQ.  13, — Brecciatbd  Cocntbt  Rock. 
Filling  material  chalcopyrite.    ReSected  light.     X  SO  di&meters. 

not  fully  coincide  with  the  results  of  chemical  investigation,  because  it  is 
almost  impossible  to  select  any  sample  of  lean  pyrite  that  will  not  pve 
traces  of  copper.  Whether  the  pyrite  contwns  minute  grains  of  a  copper 
mineral  aa  a  mechanical  inclusion,  or  whether  the  pyrite  is  a  lean  chemical 
compound  of  copper  and  iron,  could  not  be  determined  by  this  method  of 
reflected  light.  Aside  from  the  chemical  tests  the  pyrite  appeara  to  be 
pure,  and  its  deposition  for  convenience  has  been  designated  as  the  pyrite 
phase. 

Chaleopyrile. — ^The  second  stage  of  ore  deposition  is    apparently 
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eharacterized  by  the  introduction  of  chalcopyrite  (Fig.  13).  This 
primary  mineral  closely  followed  pyrite,  although  in  rare  instances,  as 
stated  by  L.  C.  Graton,^^  ''small  grains  of  chalcop3rrite.  .  .  are  inclosed 
in  the  P3rrite  individuals.''  Studies  made  by  the  writer  point  to  the 
conclusion  that  chalcop3rrite  has  been  the  last  mineral  to'^enter.  This 
mineral  completely  surroimds  the  p3rrite  grains  and  in  some  instances 
enters  the  minutest  fissures  of  the  partly  crushed  p3rrite  masses.  At 
times  the  pyrite  and  the  chalcopyrite  are  so  inextricably  mingled  that 
their  physical  appearances  are  almost  identical,  and  it  becomes  difficult 
if  not  impossible  to  distinguish,  in  the  hand  specimen,  one  mineral  from 
the  other.  In  such  cases  simultaneous  deposition  may  be  employed  to 
explain  these  complex  relationships,  although  from  the  examination  of 
many  specimens  the  evidence  indicates  chalcopyrite  as  being  later  than 
the  pyrite. 

SphalerUe, — ^Like  pyrite  and  chalcopyrite,  sphalerite  is  one  of  the 
primary  minerals  and  is  everywhere  crystalline.  Sphalerite  is  later  than 
pyrite  and  is  seen  to  surround  particles  of  this  mineral.  Unlike  the  pyrite 
with  which  it  is  so  intimately  related,  it  does  not  form  well-bounded 
crystals  even  where  conditions  of  free  growth  appear  to  have  been  favor- 
able. The  blende  is  so  common  throughout  some  of  the  ores,  especially 
those  near  Copper  City,  that  a  zinc-extraction  plant  is  now  being  con- 
structed for  its  recovery.  Near  the  surface  it  is  easily  oxidized,  and, 
aside  from  a  few  occurrences,  its  products  appear  as  sulphates  on  the 
walls  of  the  mine  workings. 

Bomite. — The  isometric  sulphide  of  copper  (peacock  copper  ore, 
Cu^FeSi),  though  moderately  abundant  as  a  secondary  mineral,  is  very 
sparingly  found  in  the  primary  ore  of  the  district.  It  is  always  massive 
with  a  recognizable  crystalline  structure,  and  is  generally  met  in  forms 
irregularly  rounded,  closely  related  to  the  other  sulphides  In  no  instance 
is  it  entirely  isolated,  but  according  to  microscopic  study  it  is  intimately 
associated  with  pyrite  and  chalcopyrite,  and  in  some  cases  clearly  shows 
close  association  with  sphalerite. 

Galena. — Primary  sulphide  of  lead  occurs  sparingly  in  the  copper*ores 
of^  the  Bully  Hill  district.  It  is  rarely  isolated,  ^but  occasionally  it  is 
found  sparsely  disseminated  through  country  rock  at  the  Bagster  shaft. 
It  occurs  in  massive  form,  both  cleavable  and  granular,  rarely  crystalline 
and  never  crystallized.  It  is  not  widespread  in  any  of  the  mines  studied 
and  is  foimd  intimately  associated  with  primary  chalcopyrite,  pyrite, 
and  blende.  It  has  been  noted  especially  in  the  high-grade  sulphide  ores 
of  the  Delamar  lode  (Fig.  14}  with  the  other  sulphides.  It  does  not 
occur,  so  fsu*  as  known,  in  the  workings  of  the  Copper  City  or  Rising  Star 
mines.    Since  galena  is  rarely  encountered  in  depth  its  alteration  products 
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on  the  surface  were  not  observed.  It  is  quite  probable  that  the  galena  as 
well  as  the  blende  is  argentiferous,  and  that  would  explwn  the  presence 
of  high  silver  values  in  the  gossan  as  well  as  in  the  regular  mine-run  of  ore. 
It  is  plain  from  a  detailed  study  of  the  relationships  of  the  minerals  that 
galena  favors  rich  sulphides,  especially  where  blende  is  in  large  amount. 
Chalcocite.—The  cuprous  sulphide  is  not  a  common  mineral  in  any  of 
the  ores  of  the  district.  It  occurs  as  dotted  masses  intimately  associated 
with  bomite.    Mr.  Graton"  states  that  <^alcocite  and  bomite  apparently 


Fig.  14. — Rich  Copper  Orb. 
White  areas,  galena;  darker,  bomite  and  chalcopyrite;  black,  quarti.     Reflected 
light.     X  fiO  diameters. 

take  the  place  of  chalcopyrite  as  an  irregular  network  through  and  around 
the  other  sulphides.  Chalcocite  was  found  in  small  amounts  in  the  deep- 
est workings  of  the  Bully  Hill  mine  and  has  been  regarded  by  Graton^*  as 
primary  as  well  as  secondary.  From  recent  studies  made  by  the  writer, 
although  not  rigidly  limited,  it  is  generally  confined  to  the  upper  levels  in 
close  association  with  other  enriched  sulphides. 

1*  BidUHn  No.  430,  U.  S.  Oeoloffical  Survey,  p.  104  (1910). 
"  Idem,  p.  105. 


BULLY  HILL  MINING   DISTRICT,   CALIFORNIA  103 

Secondary  Enrichment 

The  oxidized  zone  in  the  Bully  Hill  district  continues,  in  general,  to 
unusual  depths.  The  lower  limit  is  known  to  be  as  low  as  the  1,000-ft. 
level.  The  ore  in  this  zone  is  considerably  enriched,  and  the  enrichment 
was  materially  favored  by  the  openness  of  the  mass  because  of  the  abun- 
dance and  relative  size  of  the  cracks  and  fissures,  these  being  possible  only 
in  materials  which  are  brittle,  such  as  quartz  and  pyrite. 

The  profound  modification  resulted  chiefiy  through  the  action  of 
descending  waters  which  in  their  downward  course  traversed  zones  in 
which  small  but  important  amounts  of  copper-bearing  sulphides  existed. 
The  following  equation  illustrates  the  probable  chemical  reaction: 

CuSOi  +  2  FeS  =  CuFeS,  +  FeSOi. 

As  an  illustration  of  the  principles  of  ore  deposition,  or,  rather,  ore 
concentration,  this  chemical  reaction  can  hardly  be  overestimated,  and 
since  the  conditions  assume  the  presence  of  copper  minerals  near  the  sur- 
face, this  phenomenon  is  usually  related  to  the  second  concentration. 
The  first  is  believed  to  have  been  brought  about  chiefly  through  the  action 
of  ascending  hot  waters,  while  the  second  concentration  is  almost  exclu- 
sively related  to  cool  descending  waters.  It  follows  from  this  that  if  the 
concentration  processes  be  regarded  as  cycles  the  first  is  far  the  more 
important,  and  as  suggested  was  directly  related  to  the  intrusion  of  the 
acidic  (alaskite)  dike.  Copper-bearing  rock  which  probably  contained 
less  than  1  per  cent,  of  copper  will  now  show  from  6  to  8  per  cent,  in  the 
oxidized  zone.  Where  the  replacement  has  been  complete  more  or  less 
calcite,  quartz,  and  barite  are  found.  It  should  be  stated,  however,  that 
while  barite  has  been  found  in  the  ores  it  is  not  at  all  important.  J.  S. 
Diller"  regards  the  barite  as  a  primary  constituent  of  the  ores.  Calcite 
and  quartz  are  wholly  secondary  and  occur  more  or  less  abundantly  at  all 
levels  of  the  various  mines. 

In  most  cases  observed  the  mineral  relations  are  fairly  definite  and 
leave  little  room  for  question.  In  other  relations  there  is  room  for  more 
than  one  inference.  The  order  given  is  believed  to  be  correct  in  the  main. 
The  disturbing  element  in  most  instances  is  alteration.  In  no  specimen 
is  there  any  suggestion  of  a  distinctive  silver  mineral,  although  the  ores 
yield  several  ounces  to  the  ton.  The  presence  of  other  sulphides,  notably 
arsenic  and  antimony,  was  not  detected.  The  enriched  sulphides  taken 
from  the  deepest  levels  of  the  mines  are  indicative  that  the  lower  limit  of 
descending  circulating  ground  water  has  not  been  reached,  and  therefore 
that  the  zone  of  lean  sulphides  has  not  been  entered. 

One  other  mineral  of  great  importance  and  intimately  associated  with 
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the  ores,  especially  of  the  Bully  Hill  and  Rising  Star  mines,  is  the  hydrated 
sulphate  of  calcium,  gypsum.  L.  C.  Graton"  reports  anhydrite  as  well, 
but  so  far,  the  examination  of  many  slides  has  not  revealed  its  presence 
extensively.  The  explanation  advanced  for  the  gypsum  will  also  account 
for  the  anhydrite,  and  this  will  be  given  in  "The  Gypsum  Masses." 

Genesis  of  the  Deposits 

The  preceding  pages  set  forth  the  problems  awaiting  solution,  and  only 
a  brief  recapitulation  is  deemed  necessary  of  some  of  the  most  significant 
facts  with  which  an  adequate  explanation  of  the  ore  genesis  must 
harmonize. 

The  association  of  the  ore  deposits  with  the  intrusives  is  interesting, 
and  a  study  of  the  lean  ores  is  one  that  promises  to  give  most  light  on  their 
origin.  Due  consideration  must  also  be  given  to  the  mechanical  altera- 
tion and  subsequent  changes  wrought  in  the  dike  materials  through 
which  suitable  solutions  passed,  and  by  which  the  concentration  and 
enrichment  of  the  ore  bodies  were  made  possible. 

The  fissures  produced  a  weakened  zone  which  not  only  permitted  the 
solutions  to  circulate,  but  determined  also  the  place  where  the  intrusives 
(dikes)  should  pass.  While  it  is  believed  that  chemical  alteration  has 
facilitated  important  surface  changes,  the  larger  structures  of  the  rock 
masses  in  depth  are  believed  to  have  been  caused  primarily  by  deep- 
seated  agents.  As  far  as  the  andesite  flows  are  concerned,  detailed  study 
shows  that  they  were  originally  almost  entirely  free  from  all  sulphides. 

The  limits  of  the  belt  which  suffered  shear  in  the  area  mapped  are  not 
definitely  known,  but  from  data  at  hand  it  appears  that  a  strip  which 
measures  1,000  ft.  or  more  in  width  and  several  miles  in  length,  at  least, 
has  been  affected.  This  zone,  which  deviates  locally,  trends  practically 
north  and  south  over  long  stretches,  and  it  is  characterized  from  point  to 
point  not  only  by  variation  in  width,  but  also  by  the  degree  of  mashing 
and  shearing. 

A  feature  of  economic  significance  and  one  that  should  receive  atten- 
tion is  the  fact  that  the  greatest  brecciated  and  comminuted  section  is  not 
symmetrically  located  with  reference  to  the  side  limits  of  the  shear  zone; 
but  is  decidedly  to  the  eastern  border  of  the  belt.  Thus  in  passing  across 
the  outcrop  of  the  belt  the  first  few  hundred  feet  encoimtered  closely 
resemble  schists,  while  toward  the  west  the  degree  of  schistosity  becomes 
less  and  less  until  finally  the  rock  masses  on  the  opposite  border  are  prac- 
tically free  from  such  induced  structures. 

Another  feature  which  is  very  conspicuous,  especially  in  Bully  hill, 
shows  that  locally  there  are  at  least  three  shear  zones  comprised  within  the 
belt.    Together  they  embrace  a  total  width  from  east  to  west  of  approxi- 
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mately  1,000  ft.  They  are  seen  in  Fig.  6,  looking  northward,  as  a  series  of 
ridges  in  the  profile  of  the  hill.  The  eastern  zone  incloses  the  alaskite 
dike  and  contains  the  Delamar  lode  of  Bully  Hill. 

The  rough,  rugged  ridges  are  forms  which  have  resisted  erosion  more 
effectively  than  the  surrounding  materials.  With  the  exception  to  be 
noted,  all  such  ridges  are  referable  to  silicified  sheared  rock,  chiefly 
andesite  flows  and  tufifs.  It  appears  that  the  materials  are  mainly 
tuffaceous,  of  rather  wide  range  with  r^ard  to  fineness  of  grain;  and  it 
is  believed  that  such  materials,  because  of  their  porous  character,  per- 
mitted siliceous  waters  to  circulate  more  freely  than  the  more  massive 
andesite  flows.  The  solutions  came  from  below  and  are  believed  to  have 
transferred  silica,  which  was  derived  from  silicate  minerals  in  the  deeper 
parts  of  the  crushed  zone,  to  its  present  position.  Weathering  has  also 
influenced  the  composition  of  such  materials  by  dissolving  out  soluble 
constituents,  so  that  in  some  areas  the  mass  is  rather  porous. 

The  exception  referred  to  above  is  found  in  the  diisconnected  masses  of 
ala8kite-porph3ny.  This  material,  because  of  its  position  and  external 
physical  appearance,  closely  resembles  the  masses  in  the  shear  zones. 
Close  inspection,  however,  shows  the  latter  to  contain  small  phenocrysts 
of  quartz,  while  the  former  contains  only  secondary  quartz.  In  some 
instances,  especially  where  shearing  has  been  excessive,  and  the  rock  is 
badly  stained  by  iron  oxide,  identification  can  be  established  only  by 
microscopic  study.  In  the  field  the  alaskite  is  often  mottled  with  darker 
patches,  and  in  most  instances  the  rock  breaks  with  conchoidal  fracture. 
These  serve  as  a  guide,  for  such  earmarks  are  never  seen  in  the  materials 
of  the  shear  zone. 

Attention  will  be  directed  first  to  relationships,  and  in  this  connection 
they  will  be  described  as  a  unit  and  will  embrace  the  following  elements: 
(1)  what  relation  exists  between  the  rhyolites  and  the  copper  ores;  (2) 
between  the  alaskite  and  the  copper  ores;  (3)  between  the  andesite  dike 
and  the  copper  ores;  (4)  and  lastly,  between  all  these  and  the  gypsum 
massesr 

(1)  The  most  important  changes  in  the  rhyolites  previous  to  miner- 
alization are  those  referable  to  mechanical  alterations.  The  rock  masses 
where  brittle  were  broken  and  a  zone  of  weakness  was  formed.  After 
long-continued  fracturing  the  intrusion  of  alaskito-porphyry  followed  the 
weakened  zone  and  was  accompanied  by  magmatic  emanations  which 
passed  along  the  borders  of  the  intrusive  and  were  otherwise  limited  to  the 
zone  of  mashing.  These  solutions  were  hot,  especially  rich  in  COs  at  the 
beginning,  and  later  they  carried  ore-bearing  and  silica  compounds.  It  is 
believed  also  that  these  richly  carbonated  waters  as  they  passed  through 
the  various  limy  strata  dissolved  large  amounts  of  lime  and  transported 
it  to  the  zone  where  vigorous  shattering  had  taken  place.  This  seems  in 
accord  with  the  facts,  as  the  veins  or  fissures  are  chiefly  filled  with  a  mix- 
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ture  of  calcite  inclosing  minor  amounts  of  chalcopyrite  and  pyrite.     The 
fissured  rhyolites  were  thus  cemented  by  these  minerals. 

(2)  Long  before  the  alaskite  had  completely  solidified  stresses  again 
became  operative,  this  time  breaking  the  alaskite-porphyry  and  also 
disturbing  the  andesites.  Mineralization  and  impregnation  of  this  rock 
by  metallic  sulphides  resulted.  It  is  therefore  logical  to  make  the  state- 
ment that  this  is  the  first  stage  in  the  genesis  of  the  copper  ores.  Accom- 
panying this  change,  although  not  definitely  connected  with  the  deposi- 
tion of  the  ores,  was  more  or  less  sericitization,  silicification,  etc.,  in  the 
rock  masses. 

The  brecciation  forces  which  acted  on  the  alaskite-porphyry  finally 
produced  essentially  the  same  shear  planes  that  were  observed  in  the 
inclosing  andesites,  so  that  both  rock  types  behaved  practically  as  a 
structural  unit  to  all  later  phenomena.  These  were  important  stages  in 
decomposing  the  constituent  minerals,  and  they  were  followed  by  chem- 
ical modifications  which  were  later  represented  by  completely  altered 
rock  masses  and  the  production  of  secondary  silicates. 

(3)  Shortly  after  the  production  of  the  foliated  structures  igneous 
activity  was  again  characterized  by  the  intrusion  of  an  andesite  dike, 
which  also  followed  the  foliation  planes,  and  in  places  cut  across  the 
alaskite-porphyry  by  intruding  into  the  shear  planes  developed  in  its 
mass.  Of  all  the  rocks  in  the  Bully  Hill  district  this  andesite  dike  was  the 
last  to  appear  and  it  closely  followed  the  alaskite-porphyry.  Outside  the 
area  mapped  an  intrusive  rock,  in  composition  more  basic  than  those 
described,  is  known.  From  these  relationships  it  is  believed  that  each 
fraction  from  the  original  magma  became  progressively  more  and  more 
basic,  and  that  accompauying  the  last  intrusion  magmatic  solutions  rich 
in  calcite  and  barite,  together  with  metalliferous  compounds,  were  also 
given  off  and  reached  the  sheared  zones.  These  solutions  started  out  hot 
and  in  their  upward  journey  they  received  heat  and  chemical  energy  from 
the  dikes  which  had  intruded  the  rocks  and  had  not  cooled  entirely. 
They  were  thus  effective  agents  and  at  once  attacked  the  rocks  which 
were  most  crushed  and  comminuted.  The  andesite  dike  in  places  was 
thus  encroached  upon  by  the  carbonated  compounds,  and  frequently 
entirely  replaced. 

Since  the  andesite  dike  is  partly  mineralized  it  follows  that  some  of  the 
economic  minerals  were  deposited  after  the  intrusion  of  the  alaskite-por- 
phyry. It  is  necessary  in  treating  the  genesis  of  the  ores  to  account  for 
the  copper  minerals  in  the  alaskite.  The  most  reasonable  and  logical  ex- 
planation is  that  they  were  transferred  by  the  agency  of  highly  heated 
solutions.  That  some  of  the  solutions  contained  lime  is  certain,  because 
in  the  andesite  dike  numerous  cavities  filled  with  calcite  exist. 

Copper  compounds  in  underground  highly  heated  solutions  are  doubt- 
less carried  in  many  forms,  probably  more  as  acid  compounds.     Assuming 
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that  pressure  and  temperature  are  important  factors  at  depth,  a  decrease 
in  either  of^these  might  furnish  conditions  under  which  deposition  would 
take  place.  Whatever  the  chemical  nature  of  the  solutions  that  trans- 
ported the  metallic  sulphides,  it  is  certain  that  they  were  deposited  in  the 
sheared  alaskite-porphyry  mass. 

The  magmatic  solutions  that  followed  the  andesite  dike  contributed 
additional  metallic  sulphides,  chief  of  which  were  blende,  bornite,  and 
galena.  Important  amounts  of  chalcopyrite  were  also  introduced  which 
greatly  added  to  the  richness  of  the  ores.  It  should  be  stated  that  in  all 
stages  of  mineralization  the  sheared  rocks  were  impregnated  indiscrimi- 
nately. The  element  of  control  seems  to  have  been  the  sheared  zone. 
In  several  places  the  andesite  dike  is  partly  mineralized,  but  so  far  as 
known  the  ores  appear  only  as  a  thin  crust  or  veneer  on  the  dike 
rock. 

Several  diamond-drill  holes  were  driven  through  the  andesite  dike  to 
ascertain  conditions  on  the  opposite  side.  No  ores  were  found,  and  so  far 
as  known  only  the  hanging-wall  side  of  the  dike  contains  sulphides.  In 
the  opinion  of  the  writer  the  opposite  side  of  the  dike  rock  should  be  pros- 
pected, although  it  is  quite  possible  that  the  position  of  the  dike  partly 
influenced  the  course  of  the  solutions  in  such  a  way  as  to  leave  the  rocks 
on  the  other  side  practically  barren.  So  far,  marketable  ores  have  been 
found  only  on  the  west  side  of  the  dike. 

It  is  not  believed  that  there  were  open  spaces  in  the  rocks  sufficiently 
extensive  to  account  for  the  ores  as  they  now  appear.  A  characteristic  of 
many  thin  sections  is  compactness  rather  than  porosity,  although  the  por- 
ous nature  of  the  tuffs  would  be  adequate  to  explain  ease  of  circulation  in 
any  direction.  The  interpretation  of  the  available  evidence  strongly 
supports  the  hypothesis  of  partial  to  complete  replacement,  and  the  facts 
upon  which  this  view  is  based  may  be  summarized  as  follows: 

(1)  The  lodes  preserve  structures,  especially  schistosity,  which  exist 
in  the  country  rock. 

(2)  Inclosed  masses  of  partly  replaced  remnants  of  the  original  crush- 
breccia  exist  as  cores. 

^3}  In  all  the  ore  associations,  there  is  clearly  to  be  seen  a  gradual 
transition  from  rich  through  lean  ore  to  barren  country  rock. 

The  elements  involved  in  the  explanation  are  consistent  with  the  facts 
and  the  hypothesis  of  replacement  molecule  by  molecule  of  the  rock 
masses  by  the  ores  seems  to  be  justified. 

In  connection  with  the  process  of  replacement,  it  is  of  interest  to  note 
how  a  very  acid  rock  like  alaskite,  and  for  that  matter  the  andesites  as 
well,  could  be  partly  if  not  wholly  replaced.  It  has  been  mentioned  that 
the  magmatic  waters  carried  carbon  dioxide  and  that  lime  was  dissolved 
from  strata  through  which  such  waters  passed.    Carbonated  waters,  as 
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pointed  out  by  Clarke,"  are  solvents  for  most  of  the  common  minerals, 
including  quartz.  It  is  believed  that  some  of  the  solutions,  thus  carbon- 
ated, in  passing  through  the  disturbed  zone  attacked  the  acid  aa  well  as 
the  bafflo  rocks  and  left  in  most  instances  only  the  lemstant  minerals. 
Carbonate  was  in  this  way  introduced,  as  shown  in  Fig.  15.  It  was 
accompanied  in  some  instances  by  notable  amounts  of  chalcopyrite. 

Simultaneously  with  the  introduction  of  carbonate,  mineral  hydration 
and  removal  went  on,  and  in  some  rocks,  especially  the  dike,  conaderable 


Flo.  16. — FkIiDbpab  in  ANSESirD-PosPHTST  being  RnpnACED  si  Cai.cttb. 
The  felty^ar eas  are  unaltered  ground  mass.     X  50  diameters.     Crossed  Nicola. 

chlorite  was  formed.  The  quartz  grains  of  the  slaskite-porpbyry  were 
corroded,  and  in  some  instances  at  least  were  completely  removed.  The 
removal  of  quartz  is  believed  to  have  taken  place  through  the  influence  of 
the  alkaline  solutions.  This  phase  of  the  subject  will  receive  detailed 
discussion  under  a  later  heading. 

(4)  The  concordant  testimony  of  a  great  variety  of  evidence  from  a 
large  number  of  slides  suggests  several  important  phases  of  mineralizatioii 

>'  £uIWin  No.  401,  V.  8.  OvAtgiod  Swv^,  p.  457  (1911). 
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processes.  The  study  shows  that  there  was  a  certain  definite  order  or 
sequence  of  deposition,  although  theS^  relations  are  partly  obscured  by 
the  deposition  of  some  compounds  which  began  with  the  earliest  stages 
and  continued  persistently  through  the  entire  process  to  the  last  stage. 
Such  minerals  as  pyrite  and  quartz  are  the  most  important  representa- 
tives of  this  class. 

The  important  phases  are  those  genetically  related  to  carbonatization 
and  sulphatization.  From  a  study  of  thin  sections,  the  former  was  a 
process  by  itself,  while  the  latter  included  pyritization  in  addition  to 
sulphatization. 

The  presence  of  certain  minerals  and  their  various  mutual  relation- 
ships suggest  a  common  source,  and  also  that  the  source  was  rich  in  the 
elements  which  form  the  compounds  now  found  in  the  rocks.  Carbon- 
ates, sulphates,  and  sulphides  are  seen  in  nearly  every  slide  in  varying 
amounts. 

The  most  important  geological  factor  which  assisted  the  circulating 
solutions  was  undoubtedly  the  sheared  structure  of  the  rock  masses. 
The  solvent  power  of  the  solutions,  under  high  temperature  and  pressure, 
was  very  great.  The  ferro-magnesian  minerals  were  the  first  to  be 
completely  altered,  and  these  changed  chiefly  to  chlorite.  The  feldspars 
apparently  were  the  next  to  yield,  and  alteration  has  gone  on  so  completely 
that  in  most  cases  very  little  remains  to  suggest  their  former  presence. 
In  some  of  the  ore  samples  grains  of  quartz,  supposed  to  be  the  original 
phenocrysts,  still  remain,  but  these  are  usually  badly  corroded.  Their 
relations  to  the  ores  are  shown  in  Fig.  14. 

VII.  The  Sulphate  Deposits 

In  the  following  descriptions  of  the  various  types  of  sulphates,  the 
rocks  will  be  considered  in  order  of  their  abundance  as  they  have  been 
found  in  the  mine  workings  up  to  the  time  of  the  writing  of  this  paper. 
Whether  these  relationships  as  they  now  exist  will  continue  in  depth  is  a 
matter  ^n  which  we  have  no  absolute  data,  and  about  which  we  can  only 
speculate. 

The  sulphates  constitute  rocks  of  considerable  importance  in  the 
mines  of  this  district.  Their  existence  on  the  surface  with  the  exception 
of  baiite  is  unknown,  and  their  extent  in  the  working  places,  although 
conspicuous,  is  not  usually  well  defined.  The  occurrence  of  sulphates 
midei^ound  is  not  limited  to  the  upper  oxidized  zone,  but  these  com- 
pounds are  known  to  extend  as  low  as  the  1,000-ft.  level  (the  lowest  point 
reached  in  a  shaft  in  1912).  Although,  as  previously  stated,  there  are 
indefinite  areal  and  vertical  limits  to  the  occurrence  of  the  various  sul- 
phates, still  there  are  fragmentary  relationships  existing  between  these 
compounds  and  the  rocks  which  serve  as  a  working  basis  for  interpreta- 
tion.   The  principal  sulphates  are  gypsum,  anhydrite,  and  barite. 
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Gypsum 

The  monoclinic  hydrous  calcium  sulphate  (CaS042H20)  is  first  no- 
ticed in  the  mine  workings  near  the  300-ft.  level  and  from  this  point 
it  continues  downward  to  the  lowest  levels  of  the  mine.  It  is  usually  of 
a  light  gray  color,  massive  to  banded,  and  rarely  found  in  crystals.  Its 
banded  appearance  is  not  due  to  any  variation  in  its  composition  but  is 
produced  by  inclusions  of  other  rocks,  the  fragments  of  which  have  been 
arranged  by  shearing  processes  into  roughly  parallel  positions. 

At  some  points  it  is  found  in  larger  masses  in  a  comparatively  pure 
state,  but  the  greater  amount  in  the  drifts  and  tunnels  is  streaked  and 
locally  contains  pyrite.  The  larger  masses  are  soft,  usually  white  and 
everywhere  crystalline.  At  times  the  pure  fragments  are  translucent, 
and  it  is  possible  to  secure  masses  several  feet  in  dimensions.  Where  the 
rock  is  in  such  large  masses  it  is  very  difficult  to  mine  because  of  its  soft 
character  and  its  resistance  to  the  action  of  explosives.  For  this  reason, 
and  also  because  of  the  expense  of  drifting  through  it,  the  limits  of  such 
masses  are  not  known.  Drifts  in  such  bodies  are  characterized  by  being 
noticeably  dry. 

It  is  of  interest  to  note  that  the  gypsum  as  a  whole  is  found  limited  to 
the  shear  zone  in  depth,  and  thus  far  has  not  been  reported  from  any  point 
on  the  surface.  It  is  found  only  in  the  richest  mines,  intimately  associ- 
ated with  the  sheared  rocks.  In  a  general  way  it  is  seen  in  the  hand 
specimen  to  surround  masses  and  fragments  of  many  of  the  rocks  which 
enter  into  the  structure  of  the  hill. 


Anhydrite 

The  anhydrous  calcium  sulphate,  anhydrite  (CaSOO,  is  found  in  the 
rocks  in  very  close  association  with  gypsum.  Like  gypsum,  it  has  never 
been  found  on  the  surface.  In  the  fresh  state  it  is  marble-like  in  texture 
and  varies  in  color  from  a  dull  white  to  various  shades  of  light  blue.  It 
is  never  translucent,  and  is  easily  distinguished  from  gypsum  in  being 
harder  and  in  having  a  pseudo-cubic  cleavage  in  which  the  planes 
are  perpendicular  to  each  other,  but  of  a  somewhat  differing  degree  of  per- 
fection. It  is  less  abundant  than  gypsum  and  optically  differs  from  it  in 
having  moderate  relief  and  high  double  refraction.  The  rectangular 
cleavage  is  also  marked.  In  thin  section  it  is  seen  to  have  practically  the 
same  relationships  as  the  gypsum. 

Barite 

Barite,  the  orthorhombic  sulphate  of  barium,  BaS04,  occurs  only  spar- 
ingly in  the  mines  of  the  district.     It  is  a  heavy  light-colored  mineral 
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having  vitreous  luster.  This  mineral  is  the  only  sulphate  found  on  the 
surface  and  is  usually  detected  by  its  glistening  crystal  faces  and  the  rela- 
tively great  weight.  According  to  Diller^*  the  barium  had  its  source  in 
the  feldspars  of  the  alaskite-porphyry.  After  a  number  of  careful  tests 
the  writer  was  unable  to  detect  any  barium  in  the  feldspars  of  this  dike 
rock.  It  is  believed  that  the  barium  which  furnished  the  barite  had  its 
origin  in  the  same  source  which  supplied  the  sulphides.  Since  this  mineral 
is  so  sparingly  present  it  will  not  receive  further  discussion. 

Origin  of  the  Deposits,  with  Special  Reference  to  Gypsum 

Before  proceeding  to  a  discussion  of  this  subject  a  summary  of  the 
relationships  of  the  gypsum  is  given.  An  effort  has  been  made  to  bring 
together  all  the  data  bearing  directly  on  the  problem  and  also  to  condense, 
as  far  as  possible,  the  descriptions  of  numerous  slides  examined  The 
statements  represent  facts  gathered  from  the  field  as  well  as  from  detailed 
microscopic  study.  A  few  of  the  most  important  relationships  are  given 
below: 
Field  occurrences  of  gypsum: 

1.  It  is  found  only  in  the  greatest  shear  zones. 

2.  It  is  never  found  on  the  surface  in  the  vicinity  of  the  mines. 

3.  It  begins  on  the  30O-ft.  level  of  the  mine  and  extends  to  the  low- 
est (1,000-ft.)  level. 

4.  It  does  not  occur  outside  the  zone  affected  by  shear. 
Microscopic  relations: 

1.  It  replaces  quartz  grains  and  glass  fragments. 

2.  It  occurs  as  fissure  fillings. 

3.  It  is  an  alteration  product  after  anhydrite. 

4.  It  completely  surrounds  rock  fragments. 

5.  It  is  intimately  associated  with  the  sulphides. 

In  order  to  explain  the  conditions  given  and  to  account  for  the  origin 
of  the  gypsum  in  this  deposit,  it  will  be  well  first  to  outline  the  different 
theories  advanced  for  the  accumulation  of  gypsum  the  world  over.  These 
are:  First,  deposition  from  sea  water.  Second,  deposition  through  vol- 
canic agencies.  Third,  deposition  by  thermal  springs.  Fourth,  depo- 
sition through  the  action  of  sulphuric  acid,  derived  from  pyrites,  upon  the 
carbonate  of  lime.  Fifth,  Hunt's^'  chemical  theory  of  gypsum  formation. 
This  theory  is  somewhat  complex,  but  Hunt  believed  it  applied  to  a  large 
part  of  the  gypsum  of  marine  and  fresh-water  origin.  This  theory  does 
not  apply  in  this  case. 

Applying  these  criteria  to  the  deposit  in  this  district  we  find  that  the 

"  Redding  Folio,  No,  138,  U.  S.  Geological  Survey,  p.  12  (1906). 
"  Quarterly  Journal  of  the  Geological  Society,  vol.  xvi,  p.  154  (1860) ;  Chemical  and 
Geological  Euaye,  pp.  80  to  92  (1874). 
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mode  of  formation  as  set  forth  by  the  first  and  fifth  theories  is  not  appli- 
cable. The  second  and  fourth  only  demand  careful  consideration,  and  for 
convenience  of  discussion  will  be  taken  up  in  the  reverse  order. 

Deposition  through  the  Action  of  Pyrites,  upon  Carbonate  of  Ldme, — 
This  method  is  perfectly  possible  and  has  taken  place  without  doubt  in  an 
extensive  way  in  nature,  but  there  are  certain  initial  conditions  which  do 
not  appear  in  this  region.  First  of  all  there  must  be  deposits  of  limestone 
sufficiently  large  to  form  the  gypsum  deposit  as  it  now  appears.  That 
sulphides  oxidize  to  sulphates  is  well  known.  If  we  start  with  pyrite  the 
final  oxidation  products  are  indicated  by  the  following  chemical  equation: 

FeSa  +  70  +  H2O  =  FeS04  +  HSOa. 

It  is  seen  that  one  molecule  of  pyrite  will  yield  one  each  of  FeSOi  and 
H2SO4.  To  be  on  the  safe  side,  it  is  assumed  that  both  FeSOi  and  H2SO4 
operate  to  produce  sulphate  of  lime,  although  it  is  very  doubtful  if  the 
ferrous  sulphate  acts  in  this  manner.  The  molecular  weight  of  gypsum 
is  172  while  that  of  pyrite  is  120.  If  these  be  converted  into  molecular 
volumes  it  is  found  that  for  74.8  volumes  of  gypsum  we  require  24  vol- 
umes of  pyrite,  or  that  for  every  100  volumes  of  gypsum  there  must  be  32 
volumes  of  pyrite,  on  the  basis  that  H2SO4  only  goes  to  make  up  the  sul- 
phate. Under  these  conditions,  and  also  assuming  that  the  gypsum  in 
territory  not  yet  explored  is  as  thick  as  that  ahready  found,  a  uniform  bed 
of  pyrite  approximately  224  ft.  thick  would  be  required.  If,  however, 
both  FeS04  and  H2SO4  go  to  form  the  sulphate,  then  one-half  of  this 
thickness  would  suffice.  There  is  no  evidence  that  any  such  deposit  of 
pyrite  ever  existed  in  the  district. 

By  the  same  method  of  reasoning  it  is  found  that  to  account  for  the 
calcium  in  the  gypsum  a  bed  of  carbonate  approximately  350  ft.  thick 
would  be  required.  There  is  no  evidence  that  any  such  bed  of  car- 
bonate ever  existed  in  the  mine  workings.  On  the  other  hand,  there  is 
distinct  proof  that  clastic  volcanic  rocks,  or  their  remnants,  are  the  dom- 
inant rocks  of  the  district.  The  failure  of  this  theory  to  explain  the  de- 
posits makes  it  evident  that  this  method  of  origin  could  not  have  been  the 
one  to  which  this  deposit  owes  its  existence. 

Deposition  from  Thermal  Springs,  and  through  Volcanic  Agencies, — 
These  two  theories  have  been  grouped  as  one,  since  their  effects  from  a 
geological  point  of  view  are  very  similar.  It  is  well  known  that  .emana- 
tions from  deep-seated  cooling  igneous  magmas  are  numerous,  and,  as 
shown  in  an  important  paper  by  Lincoln,  ^^  consist  of  acids,  gases,  and 
sublimates. 

By  referring  to  the  structural  section.  Fig.  1,  it  will  be  seen  that  a 
massive  limestone  (the  McCloud)  has  been  involved  in  the  folded  and 
otherwise  compressed  strata.    Since  this  limy  member  was  in  the  crush 


"  Economic  Otology^  vol.  ii,  No.  3,  p.  268  (Apr.-May,  1907). 
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zone  through  which  the  emissions  of  the  igneous  magma  passed,  it  is  per* 
fectly  reasonable  that  the  rock  would  suffer  more  or  less  solution  by  the 
acid  liquid  solutions.  These  may  have  been  in  part  water  containing 
COi;  SOs,  SOs,  or  SO4.  Any  of  these  alone  would  dissolve  the  lime  clU:- 
bonate  and  transport  large  amounts  to  higher  points.  Whether  the  lime 
was  carried  as  carbonate  or  sulphate  or  as  a  mixture  of  the  two  is  a  matter 
about  which  we  can  only  speculate.  It  is  possible  that  certain  solutions 
were  chiefly  carbonate  while  others  were  sulphate  in  general  composition. 
That  both  solutions  existed  is  shown  by  the  presence  of  carbonate  as  well 
as  sulphate  in  the  rocks,  but  since  sulphate  is  in  largest  amount  it  follows 
that  solutions  of  this  character  were  dominant. 

Whether  the  sulphate  was  deposited  as  anhydrite  or  as  gypsum  is  not 
certain,  although  Graton'^  from  his  studies  concludes  that  anhydrite  is 
primary  and  that  gypsum  is  a  secondary  product  derived  from  anhydrite. 
There  is  room  for  further  study  on  this  point  because  of  the  well-known 
fact  that  gypsum  may  be  transformed  into  anhydrite,'^  or  that  the  re- 
verse reaction,  anhydrite  into  gypsum,  may  readily  take  place.  Further- 
more, it  is  known  that  anhydrite  thus  formed  may  be  reconverted  into 
gypsum.** 

The  writer  is  fully  aware,  however,  that  within  the  limits  of  experi- 
ment the  solubility  of  sulphate  increases  up  to  about  38^  C.  and  then  de- 
creases for  additional  increments  of  temperature.  This  is  somewhat 
against  the  theory  of  transportation  of  sulphate,  but  there  are  so  many 
variable  factors  which  tend  to  offset  this  decrease  in  solubility  that  we  are 
driven  to  the  conclusion  that  these  sulphate  deposits  have  accumulated  by 
the  transportation  of  lime  by  magmatic  solutions  from  deep-seated  sources. 

Considering  the  origin  of  the  gypsum  deposit  as  well  as  that  of  the 
metallic  minerals  so  closely  associated  with  it,  this  theory  seems  to  accord 
most  satisfactorily  with  all  the  fundamental  relations  and  facts  brought  out 
by  detailed  study. 

VIII.      SUMMABT 

From  the  previous  descriptions  and  discussions,  and  also  from  a  de- 
tailed study  of  all  available  data  bearing  directly  upon  the  deposits  of  this 
character,  the  following  general  conclusions  seem  to  be  warranted: 
1.    The  structure  is  conspicuously  closely  crumpled,  and  where  slightly 
overturned  the  folds  are  accompanied  by  breaks  which  result  in  a 
tendency  to  develop  weak  crush  and  shear  zones  along  the  chief 
planes  of  movement. 


«  BvUeiin  No,  430,  U.  S,  Geological  Survey,  p.  100  (1910). 
**  American  Chemical  Journal,  vol.  xi,  p.  31  (1889). 

''F.  Hammenchmidt:  Miner alogiaehe  and  Petrographiache  MUiheilungen,  vol.  v, 
p.  272  (1882-83). 
voii.  iCLvin.— 8 
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2.  The  copper  ores  of  the  Bully  Hill  district  were  originally  depoated 
from  magmatic  solutions  in  which  the  metals  were  transported  as 
soluble  sulphides  and  were  deposited  as  such. 

3.  From  the  character  of  the  metallic  sulphides,  the  associated  minerals, 
and  the  structural  relationships,  it  appears  that  replacement  has  been 
the  dominant  process  in  these  deposits. 

4.  The  accumulation  and  concentration  of  the  ores  as  they  are  now 
found  involves  secondary  enrichment,  changes  in  which  precipita- 
tion by  mingling  solutions  and  reactions  on  wall  rock  are  of  greatest 
importance. 

5.  The  mineralization  processes  have  apparently  taken  place  under 
conditions  which  were  entirely  independent  of  rock  mass  control,  as 
tuffs,  flows,  and  dikes,  differing  widely  in  physical  and  chemical  make 
up,  are  indiscriminately  replaced. 

6.  The  lime  as  calcite,  and  the  sulphate  either  as  anhydrite  or  gypMSum, 
had  an  origin  in  deep-seated  sources,  and  both  these  minerals  were 
genetically  related  to  the  sulphidation  process  which  has  given  rise  to 
the  ores. 
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Discussion 

E.  Gybbon  Spilsburt,  New  York,  N.  Y. — ^There  is  one  point  in  Mr. 
Boyle's  paper  on  the  Bully  Hill  Mining  District  which  is  very  interesting 
to  me  as  I  happen  to  have  seen  the  occurrence  myself,  and  was  the  first 
to  call  attention  to  its  probable  significance  there;  I  refer  to  the  rapid 
development  in  the  lower  levels  of  the  mine  of  the  anhydrite  and  gypsum 
deposits,  which  have  been  increasing  gradually  from  the  700-ft.  level 
down  to  the  present  bottom,  where  the  deposit  has  obtained  great  magni- 
tude. The  purity  of  the  deposit  is  remarkably,  and  it  occurs  in  the  same 
crushed  zone  as  the  pyrite  and  pyritic  lenses,  and  seems  to  have  a  good 
deal  of  influence  on  the  continuance  of  the  ore  below  the  level  where  it 
first  occurred. 
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Professor  Winchell  in  his  examination  appeared  to  think  that  this 
occurrence  marks  the  bottom  of  the  mineralization,  but  Mr.  Boyle  does 
not  agree  with  this  conclusion.  I  think  probably  he  is  righti  because  while 
there  is  no  sign  of  mineralization  in  the  anhydrite  and  gypsum  beds  them- 
selves, still  there  is  a  persistent  continuance  of  small  seams  along  the 
contact  of  the  gypsum  with  the  andesite  of  the  coimtry  rock,  and  it  is 
quite  probable,  therefore,  that  the  gypsum  will  be  found  to  be  only  a  local 
intrusion  of  limited  depth,  and  that  the  mineralization  along  the  contact 
will  be  found  below  that  point.  I  would  like  to  ask  whether  anybody 
else  knows  of  any  of  these  copper  deposits  which  have  bottomed  on  gyp- 
sum or  anhydrite?  It  is  the  only  occurrence  of  the  kind  that  I  have 
ever  observed. 

G.  A.  Packard,  Boston,  Mass.— -The  deposit  of  the  Ludwig  mine  of 
the  Nevada  Douglas  Co.  in  the  Yerington  mining  district  is  somewhat 
similar,  as  I  remember  it.  It  has  been  described  by  Mr.  Ransome,**  and 
since  then  by  A.  F.  Rogers.**  There  is  a  difference  of  opinion  between 
these  two  men  as  to  the  method  of  formation  of  this  g3rpsum,  whether  or 
not  it  is  the  result  of  the  action  on  the  limestone  of  sulphuric  acid  from 
the  oxidation  of  the  sulphide  ores.  The  deposit  is  partly  gypsum  and 
partly  anhydrite,  and  there  is  also  a  question  as  to  which  mineral  is  the 
original  form  and  which  the  result  of  alteration. 

L.C.Graton,  Cambridge,  Mass. — ^A  few  years  ago,  I  spent  some  time 
in  the  Shasta  county  copper  region  and  found  the  occurrence  of  masses 
of  g3rpsum  in  the  Bully  Hill  and  Rising  Star  mines  of  particular  interest, 
because  so  unusual.  In  the  body  of  some  of  these  laiger  fine-grained 
gypsum  masses  there  appeared  some  more  coarsely  crystalline  material, 
which,  when  examined  in  microscopic  sections,  proved  to  be  anhydrite. 

As  yet,  I  have  not  had  opportunity  to  read  Mr.  Boyle's  paper  care- 
fully. It  appears,  however,  that  he  is  not  satisfied  as  to  whether  the 
gypsum  was  derived  from  the  anhydrite  or  the  anhydrite  from  the 
gypsum.  Numerous  occurrences  have  of  course  been  described  in  which 
gypsum  has  been  converted  into  anhydrite  by  dehydration.  The  struc- 
tural relations  of  the  material  that  I  collected,  however,  seemed  to  leave 
no  doubt  that  anhydrite  is  the  original  mineral  and  that  the  gypsum  is 
altering  from  it.*' 

This  conclusion  gathers  strength  from  the  fact  that  at  the  Cactus 
mine,  at  Frisco,  Utah,*^  that  rather  unusual  type  of  ore  contains  vein- 
lets  and  masses  of  gypsiun  in  it,  and  in  the  deeper  levels  the  gypsum 
gives  way  to  anhydrite,  from  which  the  gypsum  is  being  derived.  Large 
masses  of  pinkish  anhydrite  are  to  be  found  associated  with  plentiful 

"  BvUeiin  No,  380,  U.  S.  Geological  Survey,  p.  113  (1909). 
"  Economic  Geology,  vol.  vii,  No.  2,  p.  185  (Mar.,  1912). 
"  BuUeHn  No,  430,  U.  S.  Geological  Survey,  p.  100  (1910). 
sTiindgren,  W.:  Economic  Geology,  voL  v,  No.  6,  p.  622  (Sept.,  1910). 
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barite,  a  mineral  that  is  also  present  in  the  Shasta  county  occurrence. 
Since  seeing  these  two  occurrences,  I  am  inclined  to  believe  that  the 
gypsum  associated  with  gold  in  the  White  Oaks  district,*^  New  Mexico, 
may  likewise  have  been  derived  from  original  anhydrite  gangue  stuff. 
Professor  Lindgren  has  told  me  that  on  a  recent  trip  to  Cuba  he  found 
at  El  Cobre  mines  anhydrite  intergrown  with  sulphides,  and  altering  to 
gypsum.  I  understand,  also,  that  Professor  Palache  has  found  anhydrite 
intergrown  with  prehnite  and  datolite  in  the  traps  of  Meriden,  Conn., 
an  association  that  points  to  an  origin  connected  with  vulcanism,  if  not 
with  ore  deposition. 

The  situation  at  the  Ludwig  mine,  Yerington,  Nev.,  seems  to  be  less 
clear.  The  occurrence  of  gypsum  in  association  with  limestone  on  the 
foot-wall  side  of  a  thick  bed  of  deeply  oxidized  sulphides  suggested**  that 
the  sulphate  of  lime  might  have  been  produced,  as  in  small  amounts 
in  other  regions,  by  reaction  of  sulphuric  acid  waters  from  the  ore  body 
upon  the  limestone.  Professor  Rogers,'®  however,  who  later  exam- 
ined the  mine,  found  that  at  depth  the  gypsum  gave  way  to  anhydrite,  but 
he  concludes  that  the  association  of  the  ore  and  the  lime  sulphates  is 
wholly  accidental.  In  any  event,  it  is  interesting  to  note  that  he  finds 
anhydrite  to  be  the  original  mineral  and  that  gypsum  is  being  derived 
from  it. 

With  regard  to  the  significance  of  gypsum  and  anhydrite  in  the 
Bully  Hill  district,  I  have  understood  that  the  large  masses  of  these 
minerals  encountered  in  the  deeper  levels  have  been  regarded  by  several 
geologists  as  unfavorable  occurrences,  indicating  the  likelihood  that  ore 
of  commercial  grade  will  not  be  found  in  quantity  at  depths  below  them. 
One  may  be  perhaps  a  little  suspicious  of  these  minerals  comparatively 
unusual  in  ore  occurrences.  But  if  one  grants  that  anhydrite  is  here 
the  primary  mineral,  remembers  that  this  caJcium  sulphate  and  the  barium 
sulphate,  barite,  are  mineralogic  twins,  so  to  speak,  and  recalls  that 
not  only  is  barite  common  in  many  ore  deposits,  whether  rich  or  poor,  but 
occurs  in  intimate  association  with  much  of  the  best  ore  of  the  Bully  Hill 
mine,  then  it  is  difficult  to  find  reason  why  the  mere  occurrence  of  calcium 
sulphate  in  this  district  should  be  regarded  as  either  particularly  favorable 
or  particularly  unfavorable  for  the  persistence  of  ore. 


»  Profeananal  Paper  No.  dS,  U.  S,  Oeologicdl  Survey,  p.  181  (1910). 
>•  Ransome,  F.  L.:  BvUeHn  No.  380,  U.  8.  Geological  Survey  (1909). 
^  Economic  Oeology,  vol.  vii,  No.  2,  pp.  185  to  189  (Mar.,  1912). 
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Nickel  Deposits  in  the  Urals 

BT    H.    W.    TX7BNBR;    BAN    FRANCISCO,    CAL. 
(New  York  Meeting.  February,  1914) 

The  axis  of  the  middle  portion  of  the  Ural  mountains  is  made  up 
chiefly  of  highly  compressed  igneous  and  sedimentary  schists,  considered 
of  Devonian  age  by  the  Russian  geologists,  with  large  areas  of  serpen- 
tine (peridotite  originally)  gabbro,  etc.,  intrusive  in  the  schist  series. 
In  addition  thiere  are  large  areas  of  probably  older  granitic  and  gneissic 
rocks.  The  nickel  deposits  referred  to  in  this  paper  are  found  in  the 
Devonian  schists  and  their  associated  igneous  rocks.  The  gabbro- 
peridotite  intrusions  probably  took  place  in  late  Devonian  or  early  Per- 
mian time,  inasmuch  as  the  Permian  and  Carboniferous  beds  lie  at 
gentle  angles  on  the  Devonian  series  on  the  west  slope  of  the  Urals. 

Perhaps  the  first  attempt  to  work  a  nickel  deposit  in  the  Urals  was 
made  about  1866  in  the  Revdinsk  district,  which  is  situated  southwest 
of  Ekaterinburg.  I  was  informed  by  a  Russian  that  a  wet  method  of 
extracting  the  nickel  was  tried  but  was  not  a  commercial  success.  This 
deposit  has  been  described  by  Miiller,^  Foullon,^  and  Karpinski.'  Beck^ 
gives  an  abstract  of  these  papers. 

Lying  to  the  southeast  of  the  Revdinsk  district,  the  Sissert  estate 
intervening,  is  the  Verkhne-Ufalei  district,  which  is  traversed  by  the 
railroad  from  Ekaterinburg  to  Cheliabinsk,  as  shown  on  the  map.  Fig.  1, 
there  being  a  station  on  this  railroad  at  the  iron-smelting  town  of  Verkhne- 
Uf  alei.  About  7  versts  (4.6  miles)  north  of  this  town  is  the  Nijni-Karka- 
dinsk  iron  mine,  which  is  a  limonite  deposit.  In  one  of  the  shafts  in  this 
mine  a  serpentine  rock  showing  a  green  mineral  was  encountered.  A 
sample  of  this  mineral  collected  in  1910  was  tested  by  Mr.  Wyatt,  chief 
chemist  of  the  Karabash  laboratory  of  the  Kyshtim  Mining  Works, 
and  determined  as  nickel  ore.    A  thin  section  of  one  piece  of  the  serpen- 


*  H.  Miiller:  tJber  die  Nickelerzlagerst&tten  von  Rewdinsk,  Berg-  und  HvJUen- 
mdnnische  Zeiluyig^  vol.  xxv,  No.  8,  p.  65  (Feb.  19,  1866). 

*  H.  B.  von  Foullon:  Jahrhuch  der  kaiaerlich-kiyniglicJie  geologische  RetchsanataU, 
vol.  xUii,  pt.  2,  p.  234  (1892). 

'  A.  Karpinski:  t^ber  die  Lagerst&tten  der  Nickelerze  im  Ural,  Gomi  Journal 
(Russian),  St.  Petersburg,  1891,  No.  10. 

^Lehre  von  den  ErzlagerstdUen,  3d  ed.,  vol.  i,  p.  518  (1909). 


NICKEL  DBPOSITS  IN  THE  URALS 


119 


Fio.  1. — Map  op  the  Verkhnb-Ufalei  Mining  District. 
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tine  rock  showed  under  the  microscope  serpentine  apparently  derived 
from  olivine  and  the  remains  of  orthorhombic  pyroxene. 

The  occurrences  are  apparently  similar  in  a  general  way  to  the  New 
Caledonia  deposits  and  those  of  small  economic  importance  at  Riddles, 
Ore.,  the  silicate  of  nickel  being  secondary  and  the  original  nickel  auU 
phideC?)  being  probably  an  oiiginal  constituent  of  the  peridotite  from 
which  the  serpentine  was  derived. 

In  1906-07  some  prospecting  for  nickel  was  done  at  the  Nijni-Karka- 
dinsk  mine  by  the  foreign  geologist  Gannenbein,  and  continued  in  1908 
by  the  Rusaan  geologist,  Professor  KrotofE.  Some  bore  holes  put 
down  penetrated  clay  beds  containing  green  nickel  ore.    The  average 


Fia.  2. — Plan  op  the  Nijni-Kabiaiwnsk  Min«  on  Appboiimatblt  thb  90-tt.  Levxl 

content  of  nickel  in  the  samples  from  four  bore  holes  was  from  0.72  per 
cent,  in  bore  No.  1  to  3.24  per  cent,  in  bore  No.  4. 

What  is  probably  a  continuation  of  the  Nijnl-Earkadinsk  nickel 
silicate  deposit  was  found  about  1,300  ft.  to  the  northwest.  Here  Pro- 
fessor KrotoEF  sunk  about  100  pits  and  uncovered  a  conaderable  quantity 
of  clay  containing  the  green  nickel  ore.  The  horizontal  extent  of  these 
workings  was  an  area  about  250  ft.  long  in  a  northwest-southeast  direc- 
tion and  70  ft.  wide.  The  general  average  of  35  samples,  as  determined 
by  the  chemist  of  the  Ufalei  Iron  Works,  was  2.82  per  cent.  Ni.  A  sample 
of  nearly  pure  ore  gave  the  following  results:  Ignition,  8.40;  SiOi,  38.95; 
AljO,,  3.45;  FeO,  1.56;  CaO,  0.10;  MgO,  1.00;  NiO,  47.00  (  =  37%  Ni); 
total,  100.46  per  cent. 

The  mineral  is  thus  a  silicate  of  nickel.  All  of  this  nickel  silicate  ore 
is  presumably  derived  from  the  weathering  of  the  adjoining  serpentine, 
the  nickel  undergoing  concentration. 

In  the  Ehudyakovsk  iron  mine,  on  the  Ufalei  estate,  there  is  also 
nickel  in  the  ore,  assays  by  Johnson  &  Sons,  of  London,  showing  a  con- 
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tent  of  from  O.OS  to  0.11  per  cent,  of  Ni  in  four  samples  and  of  from 
0.02  to  0.04  of  Cu.  Here  again  there  is  a  lai^e  serpentine  area  imme- 
diately adjoining  the  deposit  on  the  east. 

The  Staro-Cheremshansk  limonite  mine,  lying  northwest  of  the 
Nijnl-Karkadinsk,  is  very  similar  to  the  latter  mine,  the  same  granular 
quarts  rock  described  later  being  present.  This  limonite  ore  also  con- 
tuns,  in  the  sample  assayed  by  Johnson  &  Sons,  0.95  per  cent.  Ni.  There 
is  serpentine  to  the  west  of  the  deposit,  but  the  inclosing  rocks  so  far  as 
seen  are  the  qiiartzite  and  talc-schists. 

Another  similar  occurrence,  but  probably  of  no  economic  value,  is 
at  the  Agardyash  iron  mine,  on  the  Kyshtim  estate.  There  is  some 
serpentine  along  this  deposit  and  green  nickel  ore  was  found  carrying 
up  to  5  per  cent.  Ni,  according  to  the  records  of  the  Kyshtim  laboratory. 
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Going  further  afield,  the  Moa  Bay  limonite  deposits'  of  Cuba  are  in 
serpentine,  the  ore  being  a  surface  concentration  from  the  decomposition 
of  that  rock.  An  analyds  of  the  Moa  Bay  iron  ore  shows  a  content  of 
nickel  of  0.60  per  cent,  and  of  chromic  oxide  of  2.65  per  cent.  Nickel 
ia  also  present  in  the  limonite  ores  of  Virginia  where  baaic  intruuves  are 
absent  Thus  the  Oriskany  (Devonian)  ores  contain  from  0.05  to  0.1 
per  cent.  NiO+CoO,  and  Potsdam  (Upper  Cambrian)  limonite  from  the 
Blue  ridge  was  found  to  contain  0.5  per  cent.  NiO+CoO.* 

When  prospecting  for  copper  on  the  Ufalei  estate  in  the  fall  of  1910, 

•C.  M.  W«ld:  Train.,  zl,  299  to  312  (1909). 
•  Tna».,  mix,  S47  and  921  <190S). 
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I  found  at  the  bottom  of  shaft  No.  12  m  the  Nijni-KarkadiBsk  mine  some 
blue  dirt  containing  a  sulphide,  apparently  pyrite.  The  same  mineral 
crystallized  in  cubical  form  was  also  found  in  some  black  dirt  from  an- 
other shaft.  At  the  time  this  pyritic  mineral  was  tested  for  copper,  of 
which  it  contains  traces,  but  it  was  not  determined  until  some  time 
afterward  that  it  contained  nickel.  Later  investigations  showed  that 
the  pyrite  was  sprinkled  through  some  of  the  iron  ore  in  the  bottom  work- 
ings and  in  drill  holes  put  down  from  these  workings,  and  that  carbonate 
of  iron,  or  siderite,  was  present,  and  that  the  limonite  was  formed  from 
the  oxidation  of  the  siderite. 

The  Tunkinsk  iron  mine,  in  the  Serguinsk  district,  farther  to  the 
northwest,  is  of  this  nature,  the  bottom  of  workings  at  a  depth  of  150 
ft.  from  the  surface  being  carbonate  of  iron,  while  above  that  level 
nearly  all  the  ore  is  oxidized  into  limonite.  Here  also  the  siderite 
contains  a  little  iron  sulphide  showing  on  careful  tests  traces  of 
copper.  The  Tunkinsk  siderite  ore  bed  is  probably  of  sedimentary 
origin,  and  this  is  probably  true  of  many  of  the  iron  mines  in  the 
extreme  western  part  of  the  Kyshtim  estate  and  of  the  Serguinsk  district, 
and  very  likely  is  true  of  the  ore  bed  of  the  Nijni-Karkadinsk  iron  mine. 

The  black  dirt  containing  pyrite  was  found  to  be  largely  carbon,  and 
this  doubtless  represents  a  bed  of  coal  or  lignite  much  broken  up  by  later 
serpentine  intrusions.  A  sample  of  the  black  carbonaceous  material 
was  analyzed  by  Johnson  &  Sons,  of  London,  with  the  following  result, 
the  sample  not  being  dried:  Moisture,  etc.,  100°  C,  35.65;  volatile, 
26.55;  fixed  carbon,  14.85;  Ni  and  Co,  1.69  per  cent. 

Another  portion  of  the  same  sample  was  burned,  the  ash  and  mineral 
matter  forming  22.9  per  cent,  of  the  sample.  The  ash  contained  :-Ni, 
7.20;  Co,  0.21  per  cent.;  fine  gold,  O.Ol  oz.;  fine  silver,  0.50  oz.  per  ton  of 
2,240  lb. 

It  is  thus  evident  that  this  carbonaceous  ore  can  be  concentrated 
by  simple  ignition  into  a  commercial  product,  the  question  being  largely 
one  of  quantity,  which  has  not  yet  been  determined. 

To  test  the  limonite-siderite  deposit  for  nickel,  20  vertical  bores  were 
put  down.  The  average  of  all  the  samples  representing  about  40,000 
tons  of  iron  ore  is  reported  by  Mr.  Kerzin,  the  Russian  geologist  of  the 
estate,  to  be  0.75  per  cent.  Ni.  It  is  obvious  that  the  nickel-bearing 
pyrite  must  be  concentrated  from  the  limonite-siderite  gangue  to  be  of 
commercial  value;  otherwise  the  only  use  of  the  nickel  would  be  to  im- 
prove the  quality  of  the  iron  smelted. 

The  ore  was  subjected  to  an  ordinary  laboratory  water-concentra- 
tion test  by  Johnson  &  Sons,  with  negative  results,  as  would  be  expected. 
A  test  was  also  made  by  T.  J.  Hoover  by  oil  flotation,  with  negative  re- 
sults, due  no  doubt  to  the  limonite  present.  However,  as  in  depth  the 
gangue  may  be  entirely  siderite,  the  oil-flotation  method  may  still  suo- 
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ceed,  or  some  other  method  of  concentration  may  be  successful.  Mr. 
Hoevelaken  and  colleagues  in  charge  of  the  estate  intended  to  have  other 
tests  made,  but  I  have  not  been  informed  of  the*results. 

A  sample  of  the  pyrite  concentrated  by  hand  panning — although  not 
pure — contained;  as  reported  by  Johnson  &  Sons,  6.28  per  cent.  Ni.  A 
sample  of  the  same  concentrate  was  examined  by  Prof.  A.  F.  Rogers,  of 
Stanford  University,  who  reported  that  the  "nickel-bearing  sulphide 
has  the  crystal  form  of  pyrite  and  lacks  the  octahedral  cleavage  of 
pentlandite."  He  also  determined  that  siderite  was  present  as  an  im- 
purity in  the  concentrate..  Dr.  W.  F.  Hillebrand,  who  made  a  provisional 
examination  of  the  concentrate,  considers  it  nickeliferous  pyrite. 

Origin  of  the  Nickel-Pyrite  Ore 

The  rocks  of  the  Nijni-Karkadinsk  mine  comprise  talcose  schists  in 
subordinate  amount,  but  chiefly  the  rock  called  quartzite  and  serpentine. 
The  so-called  quartzite  may  in  reality  represent  an  original  sandstone 
much  changed  by  the  addition  of  secondary  silica.  Some  of  it  is  porous, 
containing  many  little  well-formed  quartz  crystals  and  sometimes  pyrite, 
and  looks  not  unlike  the  quartz  of  some  granular  quartz  veins.  Whether 
of  sedimentary  or  vein  origin,  there  is  no  question  as  to  the  deposition 
of  much  secondary  silica,  presumably  from  deep  mineral-bearing  waters. 
The  carbonaceous  material  (lignite?)  that  occurs  in  irregular  bunches 
along  the  east  side  of  the  mine  may  easily  have  been  at  one  time  a  definite 
layer  interbedded  in  the  original  sediments  and  broken  up  into  patches 
by  the  peridotite  (serpentine)  intrusions.  It  seems  very  possible,  there- 
fore, that  the  serpentine  is  the  mother  rock  of  the  nickel-pyrite,  which 
was  brought  from  the  serpentine  in  magmatic  or  other  solutions  which 
soaked  into  the  adjoining  siderite  deposit  and  into  the  lignite  bed  and 
deposited  there  their  mineral  contents.  The  same  solutions  very  likely 
account  for  the  quartzite  as  we  now  see  it. 

A  plan.  Fig.  2,  and  a  vertical  section.  Fig.  3,  of  the  Nijni-Karkadinsk 
mine  are  given  herewith.  While  the  rock  immediately  west  of  the  limon- 
ite  deposit  is  quartzite,  a  little  farther  west  is  a  large  serpentine  area 
which  extends  for  miles  north  and  south.  There  is  thus  serpentine  both 
east  and  west  of  the  mine. 

Kemp^  states  that  the  ores  of  Mine  La  Motte  and  Bonne  Terre,  in 
Missouri,  are  nickeliferous  p3nite  and  (at  the  former  in  a  subordinate 
way)  si^enite,  a  sulphide  of  nickel  and  cobalt  with  a  little  iron.  The 
pyrite  is  disseminated  with  galena  in  Cambrian  limestone,  while  the 
siegenite  is  in  an  underlying  sandstone.  Small  amounts  of  copper  also 
appear  in  the  mattes. 

»  Traru.,  xxiv,  620  (1894). 
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Dana  states  that  nickeliferous  pyrite  has  been  observed  at  Sudbury, 
Canada. 

Hillebrand*  has  described  a  nickeliferous  pyrite  from  an  asphaltite- 
vanadium  deposit  at  Minasragra,  Peru,  having  a  composition  as  follows: 
Sulphur,  45.06;  iron,  25.38;  nickel,  15.70;  cobalt,  trace;  vanadium,  4.31; 
molybdenum,  0.09;  carbon,  0.47;  water  (HaO),  1.38  (partly  from  H  of 
carbonaceous  matter);  titanic  acid  (TiOs),  0.93;  silica  (SiOs),  1.93; 
alumina  (AUOs),  with  a  little  PjOb,  2.45  per  cent. 

Hillebrand  remarks:  ''If  the  vanadium  is  disr^arded,  the  iron- 
nickel  sulphide  has  the  formula  (FeNi)Ss,  with  iron  to  nickel  as  1.70 
to  1,  or  nearly  5  to  3.  A  pyrite  with  such  a  high  proportion  of  nickel 
is  imknown.  But  a  single  one  of  the  analyses  quoted  in  Hintze's  Hand- 
book of  Mineralogy  shows  anywhere  near  6  per  cent,  nickel;  this  one,  how- 
ever, showing  also  about  3  per  cent,  of  cobalt.  The  nearest  approach 
to  the  present  case  is  seen  in  the  mineral  gimnarite,  3FeS3,  2NiS,  in- 
completely described  by  Lanstrom  with  density  4.3  and  a  tin-white  color 
with  a  tinge  of  yellow,  tarnishing  yellowish-brown.  The  present  mineral 
would  seem  to  be  quite  distinct  from  gunnarite,  and  for  the  present  is 
to  be  r^arded  as  a  highly  nickeliferous  pyrite.  Should  it  seem  proper 
to  give  it  a  specific  name  later,  bravoite  is  suggested,  after  Sefior  Jos6  J. 
Bravo,  the  Peruvian  writer  on  the  vanadium  occurrence  at  Minasragra." 

*  Hillebraad,  W.  F.:  The  Vanadium  SulphidOi  Patronite,  and  Its  Mineral  Abbo- 
oiates  from  Minasragra,  Peru,  Journal  of  ihe  American  Chemical  Society,  voL  zxiz, 
No.  7,  p.  1019  (July,  1907). 
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Cyanidation  of  Silver  Sulphide  at  Ocampo,  Mexico 

BT  BOBEBT  LINTON,   LOS  ANQBLES,   CAL. 
(New  York  Moetiiks.  FbbniMT.  191i) 

The  Sierra  Consolidated  Mines  Co.,  organized  in  1909,  owns,  together 
with  other  holdings,  practically  all  of  the  productive  mineral  area  in  the 
Ocampo  district.  Lying  within  this  area  are  15  mines,  large  and  small, 
that  had  previously  been  worked  and  appear  to  have  yielded,  since  the 
discovery  of  the  camp,  about  100  years  ago,  bullion  of  a  total  value  of 
over  $50,000,000.  The  deepest  mine,  the  Santa  Juliana,  had  been 
worked  to  1,100  ft.  below  the  outcrop.  The  reopening  of  the  mines 
involved,  first,  extensive  and  thorough  development  to  open  up  the  known 
ore  shoots  at  greater  depth  and  explore  the  ledges  for  additional  shoots, 
and,  second,  a  revision  of  existing  equipment  and  methods,  so  as  to 
increase  output  and  reduce  cost  of  production.  This  paper  will  give 
some  account  of  the  metallurgical  treatment  and  a  description  of  the  new 
mill  to  be  built  at  El  Salto. 


The  Ore 

The  ore  is  practically  all  argentite,  Ag2S,  with  some  associated  gold, 
and  carried  in  a  siliceous  gangue.  T.he  t3rpical  ledge  matter  is  an  ande- 
sitic  breccia  cemented  with  quartz,  or  quartz  stockwork  in  andesite.^ 
The  proportion  by  weight  of  silver  to  gold  averages  about  60  to  1.  The 
silver  sulphides  occur  ordinarily  in  rather  fine  dissemination,  sometimes 
not  being  easily  discernible  with  the  naked  eye,  even  in  ores  of  very  good 
grade.  The  ledges  also  contain  considerable  pyrites,  which  as  a  rule  is 
barren.  "Bronce"Js  the  local  term  applied  to  such  barren  pyrites,  and 
"Pasta"  to  such  as  carries  values. 


^The  geology  of  the  Ocampo  district  is  described  in  the  Engineering  and  Mining 
Journal,  vol.  xdv,  No.  14,  p.  653  (Oct.  6,  1912). 
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Analyses  of  ores  from  three  of  the  principal  mines  are  as  follows: 

Per  cent.  Per  cent.  Per  cent. 

Insoluble 82.50  82.15  83.80 

Fe 3.70  5.05  2.47 

CaO 4.75  3.55  4.50 

MgO 3.27  3.75  1.42 

S 0.22  0.50  0.20 

A1,0, 1.61  2.34  2.13 

MnO, 0.55                0.28  0.31 

Cu 0.01                 Nil  Nil 

As Nil  Trace  NU 

Sb Trace                Nil  Nil 

Loss'in  ignition 2.41                2.00  4.20 

99.02  99.62  99.03 

Ounces  Ag 16.55  88.30  11.10 

Ounces  Au 0.25  1.08  0.36 

Acidity  of  ore  (terms  NaOH) 0 .  20  0 .  39  0 .  25 

The  proportions  of  the  metallic  constituents  of  the  ore  are  better 
shown  by  the  analyses  of  concentrates  and  concentration  tailings,  as 
follows: 

Concentrates  Tailings 

Per  cent.  Per  cent. 

Insoluble 31.40  86.30 

Fe 32.00  2.80 

CaO 2.40  3.40 

MgO 0.60  0.80 

S 17.90  0.36 

AI2O, 0.70  1.78 

MnO, 0.47  0.57 

Cu 1.10  Nil 

As 0.28  Trace 

Sb Trace  Nil 

Ounces  Ag 1,376.00  11.20 

Ounces  Au 23.40  0.15 

Recasting  the  analysis  of  the  concentrates,  the  mineralogical  compo- 
sition would  be  about  as  follows: 

Per  cent. 

Iron  pyrites 30.2 

Chalcopyrite 3.0 

Arsenopyrite 0.7 

Argentite 5.4 

Total  sulphides 39.8 

Oxides  and  silicates 49 .0 

Carbonates 5.4 

Metallics 5.8 

100.0 
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Previous  Milling  Practice 

Six  mills  had  been  operated  in  connection  with  the  mines  now  owned 
by  the  company — the  Guadalupe,  Santa  Juliana,  Belen,  San  Ramon, 
Rosario,  and  El  Salto.  The  San  Ramon  used  Bryan  mills  for  crushing, . 
all  of  the  others  light  stamps,  the  total  capacity  aggregating  90  stamps. 
All  of  these  mills  but  the  one  at  El  Salto  had  been  out  of  operation  for 
some  time,  and  had  been  dismantled. 

Until  about  seven  years  ago,  the  treatment  followed  was  plate- 
amalgamatiout  or  more  frequently  pan-amalgamation,  followed  by  con- 
centration on  Wilfley  tables  and  vanners.  with  pan-amalgamation  of  the 
concentrates.  Records  of  these  milling  operations  are  very  incomplete, 
and  probably  not  very  reliable  as  regards  the  extraction  obtained.  A 
general  idea  of  the  results  may  be  gained  from  the  following  extracts  from 
these  records: 

Extraction  n  n-  «ir*iv      r^    i. 

- -.,,  .  .  Bullion  Milling  Costs 

Mill  Au  Ag  ^.  T»      rr. 

„  X    T»  X  Fineness  Per  Ton 

Percent.  Percent. 

Santa  Juliana 62  65  946  $4.09 

San  Ramon 79  64  981                     

Belen 64  46  991  5.01 

Rosario 73  51  971  3.26 

The  above  extraction  figures  are  based  on  the  assays  of  heads  and 
tailings.  The  actual  recovery  made  in  these  old  pan-amalgamation  mills 
probably  did  not  average  over  60  per  cent,  of  the  gold  and  50  per  cent,  of 
the  silver  in  the  ore. 

The  first  cyanide  plant  in  Ocampo  was  installed  in  1906  at  the  pan- 
amalgamation  mill  at  El  Salto.  The  equipment  consisted  of  one  Farrel 
and  one  Sturtevant  rock  breaker;  twenty  850-lb.  stamps  with  Challenge 
feeders;  three  Wilfley  tables;  two  sands-collecting  tanks  16  ft.  in  diameter 
by  6  ft.  deep,  provided  with  Butters  and  Meins  distributor;  eight  leaching 
tanks  15  ft.  in  diameter  by  6  ft.  deep;  two  slimes-collecting  tanks  15  ft.  in 
diameter  by  6  ft.  deep  with  cone  bottoms;  five  Pachuca  agitating  tanks 
12  ft.  in  diameter  by  20  ft.  deep;  clarifying  filter  press;  solution  storage 
tanks  and  sumps;  zinc-boxes,  drier  and  melting  furnace;  small  air  com- 
pressor for  agitating  the  Pachuca  tanks;  steam  pumps  for  circulating  water 
and  solutions;  grinding  pan  and  settler  for  treatment  of  concentrates. 

In  this  mill  the  battery  pulp  was  run  over  Wilfley  tables  and  the 
coarse  sulphides  were  concentrated  out,  to  be  then  treated  by  grinding  in 
strong  cyanide  solution  in  one  of  the  old  amalgamating  pans.  The  sands 
were  drained  as  dry  as  possible  in  the  collecting  tanks  and  transferred  to 
the  leaching  tanks  in  a  small  car;  the  thickened  slimes  (about  2.5:1) 
flowed  directly  to  the  Pachucas.     The  sands  treatment  appears  to  have 
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required  about  20  to  25  days  and  the  slimes  treatment  8  to  10  days, ,  of 
which  about  30  to  35  hr.  was  actual  agitation  in  strong  solution,  the 
remainder  being  taken  up  with  decantation  and  washing.  According  to 
such  records  as  are  available  the  average  recovery  at  this  mill  was  about 
70  per  cent,  for  both  gold  and  silver,  and  the  cyanide  consumption  per 
ton  of  ore  more  than  5  lb.,  a  considerable  portion  of  which  was  lost  in 
waste  solutions.     Milling  costs  averaged  about  $5  per  ton. 

Rece:ni  Operation 

On  account  of  the  worn-out  condition  and  inefficient  arrangement  and 
equipment  of  this  cyanide  mill,  no  attempt  was  mcule  by  the  new  company 
to  operate  it  regularly;  but  it  was  utilized  with  cul vantage  in  test  runs 
to  determine  the  details  of  treatment  that  would  3rield  the  best  commer- 
cial returns,  considering  extraction,  cost,  and  time  required.  The  ore 
milled,  being  only  what  was  produced  in  the  course  of  development  work, 
amounted  to  4,700  tons,  from  which  bullion  worth  $45,273.86,  U.  S. 
currency,'  was  produced. 

As  the  Pachuca  tanjcs  operated  in  parallel,  it  was  easy  to  vary  the  treat- 
ment on  individual  charges  of  slimes,  as  well  as  sands,  and  in  this  way 
improved  results  were  soon  obtained.  The  time  of  treatment  of  the  sands 
was  reduced  to  18  days,  concentration  was  eliminated,  a  spilzlutte  was 
placed  ahead  of  the  Butters  distributor,  the  proper  strength  of  solution 
was  determined  and  the  percentage  of  extraction  was  materially  raised. 
Careful  records  were  kept  of  the  individual  charges  imder  special  treat- 
ment and  the  results  were  plotted  graphically.  One  of  these  curves  is 
shown  in  Fig.  1,  which  shows  the  extraction  of  gold  and  silver  and  the 
consumption  of  cyanide  and  lime  in  connection  with  a  charge  of  20  tons 
of  slimes.  The  results  shown  by  the  curves  are  metallurgical  and  do  not 
take  into  account  the  additional  losses,  both  of  values  and  materials,  that 
occur  mechanically. 

The  operation  of  the  mill  showed  conclusively  that  leaching  should  be 
eliminated.  Where  the  treatment  of  the  individual  slimes  charge  was 
considered  separately,  and  compared  with  the  sands  charge  under  treat- 
ment for  the  same  length  of  time,  the  latter  would  contain  at  least  three 
times  as  much  gold. and  four  times  as  much  silver  as  the  slimes  residues. 
In  the  slimes  charge  shown  in  Fig.  1,  80  per  cent,  of  the  silver  was  dis- 
solved in  the  first  agitation  with  strong  solution,  lasting  20  hi^,  while  the 
total  extraction  of  silver  in  the  sands  rarely  reached  75  per  cent,  at  the 
end  of  18  dayis. 

Special  Investigations 

A  large  number  of  laboratory  tests  were  carried  on  at  the  same  time, 
concerning  questions  of  sizing,  chemical  conditions  influencing  treatment, 
and  tests  on  slimes  charges  of  from  25  to  50  lb. 
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Waeh  No.1       VVa«h  No.'4     \\\v,h  No. 3     Wash  No.  I     Wa&h  No.5 


Total  time  agitated,  35  hr. 

Total  time  settling,  144  hr. 

Heads  assay:  Au,  0.08  oz.;  Ag,  11.62  oa. 

Au  extraction,  92.5  per  cent. 

Ag  extraction,  93.3  per  cent. 

Total  KCy  consumption,  2.5  lb.  per  ton  slime. 

Fig.  1. — Curve  Showing  RESui/rs  on  a  Charge  of  20  Tons  of  Dry  Slime. 
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Sizing 

A  number  of  sizing  tests  were  made  and  the  various  products  assayed. 
The  screen  assay  of  a  characteristic  sample  of  battery  pulp,  crushed  to 
pass  a  26-mesh  screen,  was  as  follows: 


Proportion 
of  Total 
Weight 


Assay  per  Ton 


Au 


Ag 


Contents 


Au 


Ag 


On  40  mesh 

Through  40  on  60... 
Through  60  on  60... 
Through  60  on  70... 
Through  70  on  90... 
Through  90  on  100. 
Through  100  on  120 
Through  120  on  160 
Through  160  on  200 
Through  200  mesh.. 

Combined  sample . . 


Per  cent. 

4.0 
10.0 

4.3 
12.6 

9.0 
12.0 

4.7 

6.0 
19.6 
19.0 


100.0 


Oa. 
0.16 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.16 
0.16 
0.16 


0.15 


Oz. 

7.8 

7.9 

8.9 

9.7 

9.9 

12.1 

4.11 

14.8 

17.6 

18.8 


Oz. 
0.006 
0.012 
0.006 
0.016 
0.010 
0.014 
0.005 
0.008 
0.031 
0.030 


Oz. 

0.31 
0.79 
0.38 
1.21 
0.89 
1.45 
0.66 
0.74 
3.41 
3.67 


13.2 


0.136 


13.41 


It  will  be  noted  that  the  gold  is  rather  evenly  distributed  throughout 
all  the  sizes,  but  that  there  is  a  gradual  increase  in  silver  values  in  passing 
from  the  coarse  to  the  fine  sizes.  Fine  grinding  is  therefore  necessary 
to  expose  the  silver  sufficiently  to  the  dissolving  action  of  the  cyanide 
solution.  The  sizing  tests  indicate  that  the  more  nearly  the  ore  is  ground 
to  pass  200-mesh;  the  better  will  be  the  extraction  obtained. 

Chemical  Conditions  Influencing  Treatment 

The  elements  unfavorable  to  cyanide  treatment,  such  as  copper, 
arsenic,  antimony,  and  sulphur,  if  present  at  all  in  this  ore,  occur  in  such 
small  quantities  as  to  exert  practically  no  influence  on  the  treatment.  As 
to  the  manganese,  the  silver  values  do  not  appear  to  be  in  any  case  com- 
bined with  it  to  form  a  refractory  manganiferous  silver  ore,  such  as  is 
somewhat  frequent  in  Mexico.* 

The  water  from  the  Jesus  Maria  arroyo,  on  which  the  mill  is  situated, 
was  found\o  contain  77  parts  solids  per  100,000,  the  constituents  of  the 
solids  being  as  follows: 


*  Experiments  on  such  an  ore  are  described  in  a  paper  by  the  writer  published  in 
the  Journal  of  the  Chemical,  Metallurgical  and  Mining  Society' of  South  Africa,  vol. 
X,  No.  3,  p.  74  (Sept.,  1908). 
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Parts 

SiO, 10.8 

Fe,0»  Al,Oi 6.8 

CaO 41 .4 

MgO Trace 

SOi 8.0 

a 8.0 

Organic  and  volatile 2.0 

Total 77.0 

Experiments  on  cyanide  consumption  by  the  arroyo  water  showed 
that  after  six  hours'  contact  a  quantity  of  cyanide  had  been  consumed 
equivalent  to  0.44  lb.  KCy  per  ton  of  water,  which  was  reduced  to  0.11 
lb.  ECy  per  ton  of  water  when  alkali  was  added.  A  branch  of  the  main 
arroyo  flowing  into  it  at  the  mill  carries  pure  water,  which  did  not  attack 
the  cyanide.  The  tests  were  made  when  the  stream  was  at  a  low  stage 
and  the  water  naturally  carried  more,  impurities  than  would  be  the  case 
during  the  greater  part  of  the  year. 

The  supply  of  lime  heretofore  available  is  quite  impure,  but  contains 
nothing  prejudicial  to  cyaniding.  The  analysis  of  an  average  sample 
of  burned  lime  is  as  foUows: 

Per  cent. 

SiO, 8.8 

CaO 54.8 

MgO 4.5 

Fe,0, 1.9 

A1,0, 3.2 

CO, 13.9 

H,0 12.2 

Total 99.3 

Of  this  lime,  60  lb.  digested  for  6  hr.  with  a  ton  of  standard  KCy 
solution  showed  no  cyanide  consumption;  hence  the  material  could  be 
used.  After  considerable  search,  however,  a  better  grade  of  lime  has 
been  found,  which  can  be  obtained  at  a  slightly  higher  cost. 

Recasting  the  analysis  of  an  average  sample  of  battery  heads  for  one 
month,  and  the  analysis  of  the  lime,  water,  and  cyanide  used,  we  find  the 
chemical  composition  of  the  consolidated  mill  charge,  as  given  below. 
In  this  month  40  lb.  of  lime  was  used  per  ton  of  ore;  the  ratio  of  solution 
to  ore  was  6:1;  the  strength  of  solution,  0.23  per  cent.,  120  per  cent. 
sodium  cyanide  being  used.  The  solids  in  the  charge  per  ton  of  ore 
milled  would  be  made  up  approximately  as  follows: 
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Pounds  Pounds 

Insoluble 1,756.29  CN 14.63 

Fe 55.00  As 0.10 

Fe,0, 1  ,  ^^  CO, 77.70 

Fe«0« i  S 33.60 

A1«0, 24.87  SO, 0.08 

CaO 114.41  CI 0.08 

MgO 0.80  Au 0.025 

Cu 0.20  Ag 1.44 

MnO, 10.00  Volatile  i  ^ 

Na 12.97  Organic  f   " 


Special  Testa  on  SmaU  Samples 

A  model  Pachuca  tank  10  in.  in  diameter  by  30  in.  high  and  connected 
with  small  zinc-boxes  was  rigged  up  for  experimental  work.  From  25- 
to  50-lb.  samples  were  treated  in  this,  and  the  details  of  treatment  were 
worked  out  here  and  subsequently  checked  by  agitation  of  20-ton 
charges  in  the  cyanide  plant.  The  ore  was  ground  to  120-,  150-,  and 
200-mesh;  solutions  of  diflferent  strengths  were  used;  and  the  various 
conditions  influencing  the  treatment  were  thoroughly  tested.  Without 
going  into  the  numerous  details,  the  results  may  be  summarized  as 

follows: 

It  was  not  possible  to  obtain  nearly  as  high  extraction  with  pulp  ground 
to  120-  or  150-mesh  as  with  that  ground  to  200-mesh — demonstrating  the 
necessity  of  fine  grinding. 

The  strength  of  solution  most  favorable  for  the  treatment  of  this  ore 
is  about  0.32  per  cent.  KCy.  Weaker  solutions  can  be  used  to 'obtain 
equally  high  extraction  if  the  time  of  treatment  be  increased.  With  this 
strength  of  solution  the  period  of  agitation  necessary  for  extraction  per- 
centage as  given  below  was  34  hr. 

Protective   alkalinity   should   be    maintained    during  agitation   up 

to  0.08. 

The  use  of  lead  acetate  was  found  to  be  of  no  benefit  in  connection 
with  the  treatment. 

With  the  treatment  as  outlined  above,  the  consumption  of  cyanide 
averaged  about  1.4  lb.  and  that  of  lime  about  12  lb.  per  ton  of  ore  treated. 
These  are  the  actual  amounts  of  materials  destroyed  by  the  reactions  of 
the  process.  Including  mechanical  losses,  there  would  probably  be  in  a 
working  plant  a  consumption  of  about  2.5  lb.  of  98  per  cent,  potassium 
cyanide,  and  15  to  20  lb.  of  lime  per  ton  of  ore  treated. 

The  extraction  of  silver  from  samples^  ground  to  200-mesh  varied  from 
84  to  89  per  cent.;  the  gold  extraction  from  93  to  95  per  cent.  A  re- 
covery of  85  per  cent,  should  be  effected  in  operating. 
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Cyaniding  CancentraUs 

A  series  of  tests  was  also  made  on  cyaniding  the  concentrates.  The 
writer  has  already  given  details  of  these  in  a  previous  paper.'  The 
results  indicated  that  the  most  economical  treatment  was  to  grind  the 
concentrates  in  0.2  per  cent.  ECy  solution,  and  agitate  in  a  0.6  KCy  per 
cent,  solution  which  was  raised  to  0.8  per  cent,  toward  the  end  of  the 
treatment,  the  protective  alkalinity  being  maintained  at  0.10.  The  use 
of  lead  acetate  did  not  benefit  the  extraction;  but  a  small  amount 
assisted  in  keeping  the  solutions  clear.  In  treating  ore  of  ordinary 
grade,  there  is  no  benefit  to  be  derived  from  concentrating.  It  may  be 
of  advantage  in  handling  the  rich  ore  from  bonanza  shoots  such  as  appear 
to  be  characteristic  of  the  ore  occurrence  here,  having  been  encountered 
from  time  to  time  in  the  past.  In  the  new  mill,  concentrating  equip- 
ment is  not  provided,  but  the  mill  is  so  designed  that  this  can  be  added 
when  needed. 


The  New  Mill 

After  the  metallurgical  details  had  been  worked  out  a  new  cyanide 
mUl  was  designed,  which  follows  closely  the  outline  of  treatment  derived 
from  this  preliminary  work.  The  site  selected  was  El  Salto,  where  the 
old  cyanide  mill  was  located,  since  it  is  the  most  favorable  as  regards 
both  the  contour  of  the  ground,  and  transportation  of  ore  from  the  mines. 
The  machinery  for  the  first  unit  of  this  mill  was  ordered  and  construction 
work  had  been  begun  when  it  was  decided  to  suspend  operations  until 
political  conditions  in  Mexico  should  become  more  settled.  The  equip- 
ment for  thb  first  unit  consists  of  the  following: 

One  20-  by  lO-in.  Armour  cast-steel  Blake  Marsden  type  rock  breaker. 

One  battery  of  ten  1,500-lb.  stamps,  with  open^front  mortars,  fluted  cam  shaft, 
Blanton  cams,  individual  El  Oro  guides,  Nelson  suspended  automatic  feeders. 

One  Newago  screen. 

Two  4  by  20  tube  miUs,  roller  bearing  on  discharge  end,  trunnion  bearing  on 
feed  end,  connected  by  single  reduction  gear  to  special  type  I  24  General  Electric 
high-torque  motors. 

One  Esperanza  type  classifier,  20  ft.  7  in.  by  4  ft.  by  3  ft.  8  in.  maximum  depth. 

One  40-  by  16-ft.  Dorr  thickener,  with  tank. 

One  35-  by  12-ft.  Dorr  thickener,  with  tank. 

Three  standard  15-  by  45-ft.  Pachuca  agitators. 

One  10-  by  12-ft.  tank  with  mechanical  agitator. 

One  Oliver  continuous  slime  filter,  125  tons  capacity  per  24  hr. 

One  Gwynne  solution  multistage  centrifugal  volute  turbine  pump,  capacity  250 
gal.  per  minute  against  150  ft.  head. 

•  Journal  of  the  Chemicalf  Melailurgical  and  Mining  Society  of  South  Africa,  vol. 
xiii,  No.  1,  p.  14  (July,  1912). 
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Two  i-in.  Gwynne  centrifugal  slime  pumps. 
One  10-  by  12-ft.  slime  receiving  tank. 
One  35-  by  16-ft.  main  solution  tank. 

Two  16-  by  10-ft.  pregnant  solution  tanks  with  clarifying  sand  filters. 
Two  20-  by  14-ft.  simip  tanks. 
Two  double-column  zinc-boxes. 
One  6-  by  6-  by  6-f  t.  clean-up  tank. 
One  S.  H.  Johnson  precipitate  press. 

One  tilting  furnace  of  the  Butters  type,  for  No.  400  crucible. 
One  Hampton  zinc  lathe. 

The  rock  breaker,  stamp  miU,  and  tube  mills  are  manufactured  by  the  English 
firm  of  Fraser  Chalmers. 

The  compressor  to  furnish  air  for  the  Pachuca  agitators,  and  some 
other  minor  items,  will  be  furnished  from  equipment  previously  on 
hand. 


Outline  of  Treatment 

The  ore'  from  the  mines  is  received  in  a  small  bin  above  the  rock 
breaker,  and  crushed  in  the  latter  to  2-in.  size.  It  is  then  delivered  by  a 
belt  conveyor  to  a  Newago  screen  above  the  battery  ore  bins  which 
constitute  the  main  storage.  Material  coarser  than  tz  in.  goes  to 
the  battery  bins  and  the  fines  go  to  a  separate  bin  at  one  end.  The 
fines  are  delivered  by  a  belt  conveyor  directly  to  the  classifier.  The  over- 
size is  crushed  in  the  battery  to  5-mesh  and  passes  to  the  classifier.  The 
classifier  is  set  between  the  two  tube  mills  and  receives  the  tube-mill 
discharge  as  well  as  the  battery  pulp,  constituting  a  closed  circuit  with 
constant  overflow  of  slimes.  It  is  estimated  that  the  ratio  of  solution  to 
ore  in  the  tube-mill  feed  will  be  6  to  1. 

The  overflowing  slime  is  pumped  to  the  primary  thickener^  where  it  is 
thickened  to  a  2  to  1  consistency,  the  overflowing  solution  being  returned 
directly  to  the  battery.  The  thickened  pulp  flows  to  the  Pachuca 
agitators,  which  are  connected  in  series  for  continuous  agitation.  Cya- 
nide is  dissolved  in  a  small  tank  above  the  agitators,  and  added  to  the 
slime  as  required  to  maintain  the  solution  at  proper  strength.  At  the 
estimated  capacity  of  the  mill  the  pulp  would  require  65  hr.  to  make  the 
circuit  of  the  tanks.  The  surplus  agitator  capacity  is  to  provide  against 
loss  of  values  by  a  portion  of  the  slime  passing  from  one  tank  to  the  next 
before  it  is  thoroughly  agitated,  and  to  prevent  cutting  down  the  capacity 
of  the  mill  when  a  tank  has  to  be  put  out  of  service  temporarily,  as  for 
instance  through  accumulation  of  slime  on  the  bottom.  The  arrange- 
ment is  such  that  any  tank  can  be  thrown  out  of  the  circuit  and  the  slime 
by-passed. 

From  the  Pachucas  the  slime  passes  to  the  secondary  thickener,  where 
the  ratio  of  solution  to  dry  slime  is  reduced  to  1.5  to  1.     It  then  passes  to 
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the  mechanical  agitator,  and  barren  solution  of  the  lowest  grade  available 
is  added  and  the  whole  thoroughly  agitated,  effecting  a  preliminary  wash- 
mg  and  dilution.  It  is  then  filtered  in  the  Oliver  filter  and  the  residues 
are  washed  and  discharged.  It  is  estimated  that  these  r^dues  will  carry 
30  per  cent,  solution,  to  make  up  for  which  and  for  evaporation  will 
probably  permit  the  use  of  a  quantity  of  wash  water  equivalent  to  60 
to  70  per  cent,  of  the  tonnage  of  ore  milled. 

The  overflowing  solution  from  the  secondary  thickener  and  the 
solution  from  the  Oliver  filter  flow  to  the  clarifying  sand  filters,  thence  to 
the  zinc-boxes  and  barren-solution  sumps.  The  barren  solution  is 
pumped  to  the  mill-solution  tank  above  the  battery. 

The  designing  of  the  mill  and  selection  of  equipment  has  kept  in  view 
the  larger  capacity  that  will  probably  be  required  ultimately.  Units  of 
the  same  capacity  as  this  first  one  can  be  added  as  rapidly  as  needed 
without  any  interruption  in  operating  at  the  existing  capacity. 
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The  Injection  of  Cement  Grout  into  Water-Bearing  Fissures 

BT  FRANCIS  DONALDSON,*  NEW  YORK,  N.  T. 
(New  York  Meeting.  February,  1914) 

The  direct  injection  of  cement  grout  into  water-bearing  fissures  as  a 
means  of  checking  or  stopping  the  flow  of  water  into  shafts  and  tunnels 
has  been  experimented  with  for  a  decade  or  longer  and  seems  to  have 
been  first  attempted  in  Europe.  The  earliest  application  of  which  the 
writer  has  found  a  record  was  at  a  shaft  sunk  by  the  Mining  Society  of 
Lens;  this  is  described  by  C.  Dinoire  in  the  Transactions  of  the  InstitiUion 
of  Mining  Engineers.^ 

It  is  only  lately,  however,  that  the  process  has  been  entirely  successful. 
This  success  has  been  accomplished  on  the  Catskill  Aqueduct,  now  under 
construction  by  the  city  of  New  York.  This  aqueduct  includes  a  number 
of  deep  pressure  tunnels,  reached  by  shafts  for  both  waterway  and 
construction  purposes.  In  portions  of  these  shafts  and  tunnels  con- 
siderable underground  water  was  met.  The  contract  for  the  first  of 
these  deep  pressure  tunnels  was  let  to  the  T.  A.  Gillespie  Co.;  this  section 
is  known  as  the  Rondout  Siphon.  It  leads  under  the  Rondout  valley 
at  a  depth  of  from  400  to  800  ft.  and  is  about  5  miles  long.  The  engineers 
expected  that  considerable  water  would  be  encountered,  but  fortunately 
this  was  not  the  case  except  at  one  shaft,  known  as  No.  4,  which  pene- 
trated the  rock  at  a  junction  between  limestone  and  conglomerate. 
Water-bearing  fissures  were  encountered  almost  immediately.  At  a 
depth  of  about  200  ft.  a  flow  of  1,500  gal.  per  minute  was  struck.  The 
shaft  then  contained  as  many  pumps  as  could  be  used,  and  it  seemed 
impossible  to  sink  it  further.  After  vain  efforts  had  been  made  to  pro- 
ceed, John  P.  Hogan,  a  division  engineer  of  the  Board  of  Water  Supply, 
suggested  that  cementation  of  the  fissures  be  tried.  The  process  was 
attempted  for  the  first  time  in  this  country.  Since  the  shaft  was  partly 
full  of  water  it  was  necessary  to  drill  grout  holes  with  a  diamond  drill. 
Platforms  were  placed  on  the  timbers  at  the  water  level,  the  diamond 
drill  was  installed  and  six  90-ft.  holes  were  drilled  in  the  bottom  of  the 
shaft.  Several  car  loads  of  cement  were  pumped  through  these  holes 
into  the  fissures,  the  drill  casings  being  used  for  grout  pipes.  This 
largely  cut  off  the  flow  of  water  from  the  bottom  and  sinking  could  then 


*  Non-member. 
1  VoL  xxxi,  pp.  113  to  122  (1905-06). 
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proceed.  After  that,  water-bearing  seams  were  grouted  as  soon  as 
encountered,  and  the  contractor  was  able  to  finish  the  shafts  and  tunnel 
within  the  contract  time.  Shaft  No.  4  was  a  rectangular,  timbered 
construction  shaft  with  no  concrete  lining;  consequently  it  was  impossible 
to  cut  off  any  of  the  water  coining  in  from  above  the  point  where  grouting 
was  first  attempted.  On  this  account  large  volumes  of  water  had  to  he 
pumped  until  the  tunnel  was  finally  sealed. 

At  the  next  wet  shaft  the  writer  had  to  do  with,  advantage  was  taken 
of  the  experience  gained  at  shaft  No.  4.  At  this  second  shaft.  No.  4  of  the 
New  York  City  Siphon,  good  progress  was  made  until  a  depth  of  about 
100  ft.  was  reached.  The  first  hole  drilled  in  the  bottom  below  this 
depth  struck  a  stream  of  water;  the  flow  amounted  to  about  150  gal.  per 
minute.  This  was  plugged.  It  was  found  that  each  pf  the  12  holes  in 
the  simip  cut  encountered  the  same  stream  of  water. 

As  soon  as  each  hole  cut  the  water-bearing  seam  it  was  plugged  with 
a  tapered  wooden  plug.  After  all  the  holes  in  the  sump  had  been  drilled 
and  plugged  in  this  way,  the  grout  connections  were  made  one  at  a  time, 
so  as  to  restrict  the  flow  of  water  into  the  shaft.  Each  connection  was 
made  with  a  piece  of  2-  or  2.5-in.  iron  pipe  about  3  ft.  long,  threaded  at 
one  end  and  given  a  long  taper  at  the  other.  The  tapered  portion  was 
made  rough  on  the  outside  by  nicking  it  with  a  chisel.  A  heavy  iron 
stopcock  was  screwed  to  the  pipe,  the  tapered  end  wrapped  in  several 
thicknesses  of  burlap,  the  wooden  plug  removed  from  the  drill  hole  and 
the  tapered  pipe  driven  in,  the  stopcock  being  left  open.  This  was  the 
most  exciting  and  the  wettest  part  of  the  job.  After  the  pipe  had  been 
driven  in  hard  the  stopcock  was  closed. 

In  this  case  connections  were  placed  in  all  the  wet  holes  before  grout- 
ing. The  grouting  machine  or  tank  used  on  the  aqueduct  was  the  Caniff 
machine,  in  which  the  grout  is  mixed  by  air.  It  is  built  like  an  air  lock 
with  a  door  on  the  top  through  which  cement,  sand,  and  water  are 
introduced,  and  has  a  2-in.  discharge  opening  in  the  bottom  and  air  con- 
nections top  and  bottom.  The  discharge  opening  is  connected  to  the 
grout  hole  by  a  heavy  rubber  hose.  Another  2-in.  stopcock  is  placed  at 
the  outlet  of  the  tank  and  a  2-  by  1-in.  tee  is  placed  between  the  hose  and 
the  cock  attached  to  the  pipe  in  the  drill  hole.  Into  the  side  opening  of 
this  tee  a  1-in.  stopcock  is  screwed. 

The  machine  is  installed  at  the  bottom  of  the  shaft,  and  is  connected 
to  one  of  the  holes  and  also  to  the  high-pressure  air  supply.  The  2-in. 
stopcock  on  the  machine  is  closed  and  the  other  is  opened.  The  door 
in  the  top  is  opened,  a  sack  of  cement,  three  or  four  buckets  of  water, 
and  (if  the  cavity  to  be  filled  is  large)  a  sack  of  fine  sand  are  poured  in, 
the  air  connection  at  the  bottom  is  opened  and  the  air  allowed  to  bubble 
through  and  mix  the  grout.  Then  very  quickly  the  door  is  closed,  the 
lower  air  connection  is  closed,  and  the  discharge  connection  and  the 


138     INJIQCTION  Ot  CBMBNT  OBOUT  INTO  WATER-BlfiABING  VISSUHBS 

upper  air  connection  are  opened,  and  the  air  enters  and  drives  the  grout 
into  the  cavity.  A  man  stationed  at  the  1-in.  stopcock  keeps  opening  it 
a  crack;  when  air  shows  instead  of  grout  he  closes  the  2-in.  stopcock  and 
the  machine  is  recharged.  If  the  cavity  is  open  the  charge  is  pushed  in 
in  3  or  4  sec.  By  working  continuously  more  than  1,000  batches  can 
be  placed  in  24  hr. 

The  grouting  of  the  fissure  was  successful  and  sinking  was  resumed. 
About  50  ft.  further  down  another  water-bearing  fissure  was  drilled  into, 
and  this,  instead  of  being  open,  was  filled  with  sand  formed  by  the  crush- 
ing of  metamorphic  gneiss  due  to  folding;  this  sand  was  carried  up  out 
of  the  drilled  holes  in  large  quantities  by  the  water.  Grout  will  not 
permeate  sand  and  it  was  necessary  to  continue  drilling  holes  and  pumping 
in  grout,  increasiiig  the  pressure  at  the  end  from  100  to  400  and  500  lb. 
to  the  square  inch.  The  sand  was  tamped  so  full  of  cement  that  when 
cut  through  it  was  compacted  like  sandstone  and  contained  balls  of  grout 
from  the  size  of  a  fist  to  as  large  as  a  man's  head. 

The  most  difficult  grouting  on  the  aqueduct  was  done  on  the  Hudson 
Siphon,  which  is  a  deep  siphon  tunnel  Vmder  the  Hudson  river  at  a  depth 
of  1,100  ft.  below  tidewater.  The  shafts  were  sunk  by  the  city  forces, 
after  which  the  contract  for  the  driving  and  lining  of  the  tunnel  and  lining 
the  shafts  was  let.  About  150  ft.  from  the  foot  of  the  east  shaft  the  head- 
ing cut  a  water-bearing  fissure  which  flowed  about  300  gal.  per  minute. 
The  full  flow  did  not  develop  until  the  cut  was  blasted.  The  problem 
then  was  to  grout  this  flow  against  a  hydrostatic  pressure  of  500  lb.  per 
square  inch,  with  no  solid  rock  to  which  to  make  grout-pipe  coimections. 
This  problem  was  finally  solved  by  the  construction  of  a  concrete  bulkhead 
8  ft.  thick  across  the  full  section  of  the  head.  The  concrete  was  mixed 
in  proportions  of  1 : 2 : 4  and  was  heavily  reinforced  with  rails  set  into  holes 
drilled  laterally  into  the  sides,  roof,  and  floor  of  the  tunnel.  Grout  pipes 
leading  into  the  fissure  were  set  through  the  bulkhead.  After  the  con- 
crete had  set  for  a  week,  grout  was  forced  into  the  fissure,  first  by  the 
pneumatic  process  with  a  high-pressure  air  compressor  and  finally  by 
means  of  a  high-pressure  plunger  pump  which  forced  water  instead  of  air 
into  the  grout  tank.  Pressures  were  reached  in  this  way  up  to  1,000  lb, 
per  square  inch. 

In  driving  or  sinking  through  rock  containing  a  large  number  of  seams 
carrying  small  quantities  of  water,  it  is  not  practicable  to  stop  and  grout 
each  seam  as  described  above.  In  this  case  it  is  advisable  to  increase 
the  section  of  tunnel  or  shaft  sufficiently  to  allow  for  a  heavy  concrete 
lining.  Drains  should  be  provided  opposite  all  of  the  water-bearing 
fissures  to  carry  ofiF  the  water  while  the  lining  is  being  placed.  After  the 
concrete  has  secured  sufficient  strength,  the  drains  may  be  grouted.  By 
a  combination  of  these  two  methods  it  should  be  possible  to  penetrate 
any  firm  rock,  no  matter  how  much  water  it  contains. 
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Discussion 

Frank  Firmstone,  Easton,  Pa. — The  European  experience  referred 
to  by  the  speaker  has  been  fully  described  in  the  BvUetin  de  la  SociiU 
de  VIndustrie  Minirale.^ 

There  is  another  very  obvious  application  of  the  plan  of  grouting  a 
fissure  that  I  do  not  think  has  been  made.  In  the  limestone  region 
aroimd  Easton  there  are  many  layers  of  limestone  which  have  been  shat- 
tered in  the  course  of  the  flexure  of  the  rocks,  which  have  been  filled  with 
pieces  of  limestone,  varying  from  pieces  the  size  of  your  head  and  fist 
to  very  small  stones.  A  seam  full  of  loose  boulder  stones  is  something 
an  artesian  well  driller  does  not  care  to  encoimter.  It  is  a  very  obvious 
expedient  to  grout  such  seams  shut.     I  do  not  think  any  one  has  done  it. 

G.  S.  Wright. — In  1908  I  visited  the  Pas-de-Calais  district  in  France 
and  observed  there  the  methods  which  were  being  used  for  cementation. 
At  that  time  they  had  been  pretty  well  worked  out,  so  that  one  of  the 
large  companies,  the  largest  company,  had  in  sinking  its  shafts  put  aside 
its  freezing-plant  methods,  and  adopted  the  cementation  method.  The 
plan  that  they  were  then  following,  and  I  think  are  still  following,  is  to 
take  about  12  to  16  holes,  put  down  bits  about  15  or  20  ft.  deep,  and  plug 
these  up  with  concrete  around  the  pipe  in  order  to  get  an  anchorage, 
then  use  a  grout  pump,  drill  down,  and  continue  to  pump  in  under  high 
pressure.  The  first  step  may  have  been  by  gravity,  but  in  1908  they 
adopted  a  pressure  of  about  600  lb.  per  square  foot.  They  recommend 
that  in  certain  cases  it  may  be  as  high  as  1,000  lb.  per  square  foot.  The 
system  worked  out  more  cheaply  than  the  cementation  process.  As 
many  of  you  may  know,  the  carbonates  are  very  lean  in  the  Pas-de-Calais 
district  and  adjoining  the  Beltin  district,  and  the  marls  and  chalks  are 
very  fragmentary,  and  filled  with  air,  so  that  it  is  impossible  in  places 
to  sink  by  any  ordinary  system,  and  this  method  is  in  vogue  in  those 
locations. 

Alfred  C.  Lane,  Tufts  College,  Mass. — The  author  of  this  paper, 
in  saying  that  cementing  fissures  by  grouting  was  first  tried  in  this  coun- 
try, evidently  was  not  aware  that  the  process  was  successfully  used  by 
E.  F.  Bradt,  of  the  Lake  Superior  Mining  Institute,  under  very  great 
difficulties,  in  putting  down  the  first  salt  shaft  in  Michigan,  at  Oakwood, 
just  outside  South  Detroit,  in  1904.'  There  the  Devonian  Dundee  for- 
mation which  overlies  the  Silurian  salt  beds  was  full  of  crevices,  regular 
caves,  heavily  charged  with  strong  H2S  water. 


*R.  Fagniex:  4th  ser.,  vol.  ix,  p.  81  (1908).  J.  B.  Forge:  5th  ser.,  vol.  iii,  p. 
625  (1913). 

*  £.  F.  Bradt:  Crevioes  in  a  Salt  Shaft,  Michigan  Engineer ^  1907,  p.  16.  Mining 
Worid,  vol.  xxx,  No.  12,  p.  525  (Mar.  20,  1909).  Engineering  and  Mining  Journal, 
vol.  xd.  No.  11,  p.  565  (Mar.  18,  1911). 
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Mr.  Bradt  has  a  patent  on  the  process,  which  is  briefly:  the  "dis- 
placement of  the  water  by  forcing  it  back  into  the  rock  or  ground  by 
injecting  'neat'  cement  grout  under  pressure,"  No.  849043,  dated  Apr. 
2,  1907. 

E.  Gybbon  Spilsburt,  New  York,  N.  Y. — I  think  that  a  somewhat 
similar  process  to  that  described  by  Mr.  Donaldson  was  used  in  the  sink- 
ing of  the  Franz-Frederic  shaft  in  Mechlenburg  about  the  year  1901-02. 
After  passing  through  the  alluvials  consisting  of  gravels,  sands,  and  clays, 
the  shaft,  which  was  being  sunk  by  the  Kindt-Chaudron  method,  was 
footed  in  compact  anhydrite  at,  I  think,  1,100  ft.  in  depth.  While  con- 
tinuing through  the  anhydrite  with  the  regular  cutting  tools,  a  fissure 
was  encountered  with  a  considerable  pressure  of  water,  and  the  cutting 
tools  were  lost  at  this  point.  It  required  very  nearly  a  year's  hard  work 
to  break  up  the  cutting  ring  and  remove  the  particles.  The  shaft  was 
21  ft.  in  diameter.  I  understand  that  a  shield,  having  a  central  opening, 
was  lowered  to  the  bottom  of  the  shaft,  and  that  grout,  under  hydraulic 
pressure,  was  then  forced  through  the  central  pipe  over  the  whole  surface 
of  the  bottom  of  the  shaft,  so  as  to  fill  up  the  fissures  and  hold  the  water 
back.  When  this  had  been  successfully  accomplished  new  cutting  tools 
were  introduced  and  the  grout  in  the  bottom  of  the  shaft  was  passed 
through  with  practically  no  leakage  showing  from  the  fissures. 
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The  Equilibrium  Diagram  of  the  System  Cu2S-Ni3Si 

BT  CARLB   B.   HATWARD,  BOSTON,   IfASS. 
(New  York  Meeting.  February,  1014) 

This  work  was  first  undertaken  in  the  metallurgical  laboratory  of  the 
Massachusetts  Institute  of  Technology  in  1907  by  L.  A.  Dickinson,  E. 
Phelps,  and  V.  S.  Rood,  under  the  author's  direction.  They  attempted 
to  determine  the  diagram  for  the  system  CujS-NiS,  but  several  inexpli- 
cable results  were  obtained.  The  following  year,  P.  H.  Mayer  with  Mr. 
Dickinson  carried  on  some  experiments  with  nickel  sulphide  and  found 
that  the  molten  material  slowly  lost  sulphur  until  it  reached  a  composition 
corresponding  to  the  compound  NiaSa,  established  by  Bornemann.*  At 
this  point  the  composition  remained  stable.  The  freezing  points  of  the 
mixtures  gradually  fell  off  with  the  loss  of  sulphur. 

Since  the  above  facts  seemed  to  explain  the  erratic  results  obtained  in 
the  first  experiments,  Mr.  Mayer  with  F.  Jaeger  attempted  in  1910  to 
establish  a  correct  equilibrium  diagram  for  the  Cu2S-Ni3S2  series.  They 
prepared  pure  CU2S  and  Ni8S2  and  determined  the  cooling  curves  for 
various  mixtures.  The  fusions  were  made  in  a  platinum  resistance  fur- 
nace and  the  temperatures  were  measured  with  a  platinum-iridium 
thermocouple  connected  with  a  Sullivan  galvanometer.  The  curve  was 
established  for  mixtures  containing  more  than  40  per  cent.  CU2S,  but  they 
were  unable  to  determine  certainly  the  direction  of  the  curve  beyond  that 
point. 

Nothing  further  was  attempted  with  this  series  until  the  present  year, 
when  the  work  was  carried  to  a  successful  conclusion  with  the  assistance 
of  A.  Butts,  Jr.,  and  E.  H.  Weil.  The  results  of  this  work  are  given  in  the 
following  pages. 

Preparation  of  CutS, — A  piece  of  cathode  copper  from  the  Buffalo 
plant  of  the  Calumet  &  Hecla  Co.  was  cut  into  shavings  by  a  shaper  and 
converted  into  sulphide  by  heating  in  boiling  sulphur.  A  porcelain 
casserole  was  used  for  the  purpose,  the  heat  being  furnished  by  a  Bunsen 
burner.  It  was  found  that  after  boiling  in  the  sulphur  for  an  hour  the 
copper  shavings  were  completely  converted  into  sulphide.    The  liquid  ' 

sulphur  was  then  poured  off,  leaving  the  solid  sulphide  in  the  casserole  in 


1  MetaUuTffU,  voL  v,  No.  1,  p.  13  (Jan.  8,  1908). 
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the  form  of  a  porous  mass,  each  particle  of  which  retained  in  general  the 
shape  of  the  copper  shaving  from  which  it  was  formed. 

When  cold;  the  sulphide  was  removed  from  the  casserole,  broken  into 
small  pieces,  mixed  with  15  per  cent,  of  its  weight  of  flowers  of  sulphur 
and  melted  in  a  graphite  crucible  under  a  cover  of  charcoal.  The  sulphide 
was  kept  in  a  molten  condition  for  5  hr.  and  then  allowed  to  cool  in  the 
crucible. 

The  analysis  of  the  material  thus  obtained  was:  Cu,  79.18;  S,  20.24; 
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Fig.  1.— Pot  Furnace. 


Fe,  0.43;  insoluble,  0.24;  total,  100.09  per  cent.  The  composition,  cal- 
culated from  the  above  analysis,  was  as  follows:  CuiS,  99.13;  FeS,  0.68; 
Si02,  0.24;  total,  100.05  per  cent. 

Preparaiion  of  NiS^- — The  Ni3S2  was  prepared  from  sulphur  and 
electrolytic  nickel.  The  latter  was  furnished  by  the  International  Nickel 
Co.,  and  the  analysis  as  given  by  them  was:  Ni,  98.90;  Co,  0.9;  Fe,  0.14; 
Cu,  0.02;  total  99.96.  Since  the  behavior  of  Co  is  very  similar  to  that  of 
Ni,  there  will  be  little  error  if  the  small  amount  present  is  included  with 
the  Ni. 
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The  apparatus  used  for  preparing  the  sulphide  is  shown  in  Fig.  1. 
F  represents  the  walls  of  one  of  the  laboratory  pot-furnaces  with  grate 
bars  G.  A  size  K  Battersea  crucible  was  cut  off  about  2  in.  from  the  bot- 
tom and  placed  as  shown  at  B.    A  second  crucible  of  the  same  size,  with 


Fia.  2.— EixcTEic  Furmack. 

a  0.5-in.  hole  drilled  through  the  bottom,  was  placed  as  shown  at  A. 
Brides  were  placed  below  the  grate  bars  aa  shown  at  C  in  order  to  support 
a"DenverB"  crucible  as  shown  at  Z>. 

A  coke  fire  was  built  on  the  grate  around  the  crucibles  A  and  B.     The 
nickel  cathode  was  cut  into  strips  by  power  shears  and  these  strips  were 
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placed  in  the  crucible  A.  When  a  temperature  of  about  1,000^  was 
attained  the  cover  of  the  crucible  was  removed,  some  stick  sulphur  thrown 
in  and  the  cover  replaced.  Some  nickel  sulphide  was  formed  and  flowed 
out  through  the  hole  in  the  bottom  of  crucible  A  into  crucible  D.  This 
procedure  was  repeated  at  short  intervals  until  practically  all  the  metallic 
nickel  was  converted  to  sulphide. 

The  crucibles  were  next  removed  from  the  furnace.  When  cool,  the 
sulphide  was  removed,  broken  to  pea  size,  mixed  with  about  15  per  cent, 
of  its  weight  of  sulphur  and  remelted  in  a  graphite  crucible.  The  crucible 
containing  the  sulphide  was  set  in  a  larger  crucible  and  the  space  between 
filled  with  charcoal,  in  order  to  assure  a  reducing  atmosphere.  When  the 
sulphide  was  melted,  it  was  covered  with  charcoal  and  kept  at  about 


Fig.  3.— Cooling  Curve  pob  60  CuiS,  60  Ni»Si. 

1,000°  C.  for  35  hr.  in  periods  of  about  8  or  9  hr.  each.  There  was  no 
reason  for  heating  intermittently,  but  the  coke  fire  was  allowed  to  burn 
out  over  night. 

After  12  hr.  of  fusion  the  material  contained  69.87  per  cent.  Ni;  after 
20  hr.,  72.25  per  cent.  Ni.  The  final  product  had  the  following  composi- 
tion: Ni(Co),  72.45;  Fe,  0.53;  insoluble  (SiOj),  0.30;  S  (by  difference), 
26.72  per  cent.  The  rational  analysis  of  the  sulphide  calculated  on  the 
above  basis  is  therefore 

NisSiCCcSj) 98.87 

FeS 0.83 

Insoluble 0.30 


Total 100.00 
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Furnace. — ^The  sketch  of  the  furnace  used  for  determining  the  cooling 
curves  is  shown  in  Fig.  2  and  is  self-explanatory.  It  was  connected  to 
the  llO-Yolt  circuit  in  series  with  two  rheostats  for  controlling  the  tem- 
perature. A  current  of  10  amperes  was  sufficient  to  produce  a  tempera- 
ture of  1,200*  C.  in  30  min. 

Pyrometer. — ^The  temperatures  were  measured  by  a  Pt-Pt.Rh  couple 
connected  to  a  Siemens  &  Halske  recording  galvanometer.  This  instru- 
ment draws  a  cooling  curve  consisting  of  a  series  of  dots  imprinted  by  a 
pointer  attached  to  the  galvanometer  needle  as  it  is  automatically  pressed 
every  15  sec.  on  a  paper  moved  by  clock  work  over  an  inked  ribbon. 
Fig.  3  shows  a  typical  curve  made  by  this  instriunent. 

The  pyrometer  was  calibrated  in  the  usual  manner  with  the  cold 

junction  in  a  bath  of  melting  ice.    The  foUowing  results  were  obtained: 

Temperature.  Deflection. 

Degrees  C.  MDli volts. 

Melting  point  of  ice 0  0.00 

Boiling  point  of  water 100  0.40 

Boiling  point  of  naphthalene 218  1 .20 

Boiling  point  of  sulphur 444  3 .33 

Freeiing  point  of  aluminum 657  6.02 

Freeiing  point  of  sodium  chloride 800  8.02 

Freeiing  point  of  silver 961 .5  10.57 

Freexing  point  of  copper 1,084  12.72 

Determinaiion  of  Cooling  Curves, — Charges  weighing  60  g.  were  used 
in  all  cases  except  where  only  a  slight  retardation  point  was  indicated,  in 
which  instances  100-g.  charges  were  used.  The  fusions  were  made  in  No. 
00  graphite  crucibles  with  a  charcoal  covering  to  prevent  oxidation  of  the 
charge.  The  junction  was  protected  by  a  fused  silica  tube.  In  order  to 
be  certain  that  the  entire  charge  was  melted  it  was  found  necessary  to 
heat  each  test  above  1,100^.  Two  cooling  curves  and  one  heating  curve 
were  obtained  for  each  mixture,  and  in  cases  where  points  were  in  doubt 
three  or  more  were  obtained. 

In  nearly  all  cases  the  instrument  recorded  sharply  the  beginning  of 
freezing  and  the  other  retardation  points.  These  deflections  were  care- 
fully scaled  on  the  record  paper  and  the  corresponding  temperatures 
obtcdned  from  the  calibration  plot.  The  results  are  given  in  the  table  on 
the  following  page. 

In  none  of  the  tests  here  recorded  was  the  record  taken  below  600^. 
When  the  work  was  nearly  completed,  however,  it  was  recalled  that 
Bornemann'  had  recorded  a  transformation  in  NisSs  between  527^  and 
538^.  The  cooling  curves  for  the  samples  with  100,  75,  50,  10,  and  2.5 
per  cent,  of  NisSj  were  therefore  re-determined  and  a  lower  point  was 
found  at  546'',  632^  632^,  531'*,  and  525**,  respectively.  This  seems  to 
indicate  that  it  is  probably  present  in  the  other  mixtures. 

<  MeiaUtargie,  vol.  v,  No.  1,  p.  13  (Jan.  8,  1908);  voL  vii,  No.  21,  p.  667  (Nov.  8, 
1910). 

VOL.  ZLvm. — 10 


146 


BQXriLIBBIUU  DIAQBAM  OF  THB  ST8TBH  OuiS-NltSi 


Per  Cent 

Per  Cent. 

Recorded  Retardations 

CutS. 

Ni.S^ 

Degrees  Centigrade. 

100.0 

0.0 

1,130 

97.5 

2.6 

1,086 

05.0 

6.0 

1,068 

90.0 

10.0 

1,043 
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80.0 

20.0 
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820 

726 

27.6a 

72.6 

798 

726 

26.0a 

76.0 
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90.0 
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Fig.  4.  — Equiubbium  Diagbam  of  thb  System  CutS-NitSs. 
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Equilibrium  Diagram. — The  equilibrium  diagram  plotted  from  the 
above  figures  is  shown  in  Fig.  4.  It  is  of  the  typical  underacored-V  tyi>e 
and  is  self-explanatory.    The  position  of  the  eutectic  point  and  the  ends 

mm 

of  the  eutectic  line^were  established  by  further  tests,  as  described  later. 
Photomicrographs. — After  determining  each  cooling  curve,  a  piece  of 


Fia.  9.— 20  Co,S,  80  Ni^,. 


Fia.  10.— 23  CuiS,  77  Ni^,. 


Fia.  16—40  CuA  «»  Ni^» 


Fl«    16.— 60  Cu^,  60  Ni^i. 


Fia.  17.-60  CcS,  40  Ni^,.] 

Pia  18.— 70  CdA  30  Nr,S.. 

! 

FiQ.  19.-80  CuA  20  Ni,S*  Fia.  20.-90  CcA  10  Ni^,. 


'  Fia  21.-95  CuA  5  NiiS*.  Fio.  22.-97.6  CuiS,  2.6  Ni.St. 


Fta.  24.— 10  CdiS,  SO  N1.S1.    Chillid. 


FiQ.  27.— 30  C(7|S,  70  Ni|3|.    Csillbd.       Fio.  28.— W  Cir,S,  60  NitS*.    Cbiukd. 
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the  matte  was  polished  and  studied  under  the  microscope.  In  the 
unetched  specimens  two  constituents  were  observed,  one  pale  brass  and 
the  other  pale  blue  color.  The  former  appears  light  gray  in  the  photo- 
graph and  the  latter  dark  gray.  These  two  constituents  resemble  in 
general  pure  NisSs  and  pure  CU2S,  respectively,  but  are  slightly  darker  in 
each  case.  It  is  probable  that  the  lighter  constituent  is  NisSs  with  a 
small  amount  of  CU2S  in  solution  and  that  the  darker  constituent  is 
CusS  with  a  small  amount  of  NisSs  in  solution.  Actual  measurements  of 
the  light  and  dark  areas  were  made  on  several  photographs,  and,  although 
check  results  were  not  obtained,  it  was  found  that  they  were  roughly  pro- 
portional to  the  amounts  of  Ni3S2  and  CuS  in  the  sample.  In  the  follow- 
ing discussion  the  light,  or  nickel-rich,  constituent  will  be  designated  as 
a  and  the  dark,  or  copper-rich,  constituent  will  be  designated  as  j9. 
Etching  with  concentrated  and  dilute  acids  resolved  the  large  fi  areas  into 
grains,  but  failed  to  reveal  anything  further.  Photomicrographs  of  the 
unetched  specimens,  magnified  in  all  cases  60  diameters,  are  given  in  Figs. 
5  to  28.  A  study  of  the  series  shows  a  eutectic  structure  beginning  with  15 
per  cent.  CusS,  becoming  more  marked  with  20  per  cent.  CU2S,  reaching  a 
maximum  with  23  per  cent.  CU2S,  and  then  diminishing.  In  the  photo- 
graphs of  specimens  containing  more  than  60  per  cent.  CU2S  the  eutectic 
structure  has  disappeared.  The  cooling  curves,  however,  showed  a  pro- 
nounced retardation  at  the  eutectic  line,  so  it  is  probable  that  the  typ- 
ical eutectic  structure  has  been  obliterated  by  segregation  of  the  constitu- 
ents. This  segregation  is  not  surprising  in  view  of  the  wide  difference  in 
temperature  between  the  point  where  freezing  begins  and  the  eutectic 
line. 

Some  of  the  photographs  show  irregular  black  spots  due  to  cracks  or 
pits  in  the  specimens. 

Special  Tests, — The  mixture  containing  20  per  cent.  CU2S,  as  seen  in 
the  table,  gave  only  one  retardation  point,  which  was  at  the  eutectic  line. 
The  microscopic  examination,  however,  indicated  a  slight  excess  of  NisS2, 
so  a  mixture  with  23  per  cent.  CU2S  was  prepared,  which,  as  seen  in  the 
photograph,  is  practically  all  eutectic.  The  eutectic  point  is  accordingly 
placed  at  this  composition. 

The  specimen  with  10  per  cent.  CU2S  showed  no  retardation  at  the 
eutectic  line,  but  the  photograph  shows  dots  of  j9.  In  order  to  see  if  this 
fi  had  separated  in  the  solid  state,  the  sample  was  remelted  and  the  cru- 
cible was  set  in  ice  water  just  after  the  eutectic  temperature  was  passed 
in  cooling.  The  photograph  of  a  polished  section  is  shown  in  Fig.  24. 
Fine  dots  of  P  are  seen,  but  the  general  appearance  of  the  photograph 
indicates  that  a  more  rapid  chilling  of  the  specimen  would  have  pre- 
vented the  separation. 

Since,  therefore,  the  sample  with  15  per  cent.  CU2S  shows  eutectic  and 
the  sample  with  10  per  cent.  CU2S,  as  shown  above,  is  probably  a  solid 
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solution  when  freezing  is  completed,  the  limit  of  the  eutectic  line  faUs 
between  these  two  compositions.  In  the  diagram  it  is  drawn  nearly  to 
10  per  cent.  CusS,  which  is  approximately  correct.  The  opposite  end 
of  the  eutectic  line  was  fixed  at  97.5  per  cent.  CU2S  by  a  similar  experiment. 

Fig.  25  shows  the  structure  of  a  chilled  specimen  of  the  matte  with  20 
per  cent.  Cu^S.  While  the  matte  was  still  molten  the  crucible  was  re- 
moved from  the  furnace  and  the  contents  were  poured  into  an  iron  mold. 
Fig.  26  shows  the  structure  of  the  same  specimen  after  annealing  at  650° 
C.  for  a  few  minutes  and  cooling  slowly.  This  specimen  shows  clearly 
the  P  crystals  which  have  formed  in  the  solid  matte.  Figs.  27  and  28 
show  respectively  the  structure  of  the  matte  with  30  and  40  per  cent. 
CusS,  cast  in  an  iron  mold.  It  indicates  that  the  fi  constituent  originally 
forms  as  small  dendrites  and  that  the  characteristic  coarse  structure  of 
the  slowly  cooled  specimens  is  due  to  the  growth  and  segregation  of  these 
crystals. 

Several  tests  were  made  to  see  if  there  was  any  tendency  toward 
layering  while  the  matte  was  liquid.  For  this  purpose  a  0.5-in.  hole  5  in. 
deep  was  bored  in  a  section  of  a  1-in.  graphite  rod,  thus  making  a  tall, 
narrow  crucible.  The  matte  was  melted  in  this  and  held  for  2  hr.  in  a 
molten  condition  (800°),  after  which  it  was  cooled  in  the  furnace  and  sec- 
tions near  the  top  and  bottom  were  examined  under  the  microscope.  In 
all  cases  there  was  slightly  more  eutectic  visible  in  the  lower  section,  but 
this  was  probably  due  to  the  fact  that  the  eutectic  had  melted  first  and 
flowed  to  the  bottom. 

A  series  of  specific  gravity  tests  was  planned,  but  was  abandoned 
because  it  was  discovered  that  the  specific  gravities  of  the  two  sulphides 
were  very  nearly  the  same.  The  values  were  approximately:  G.UjS,  5.76; 
NiaS,,  5.84. 

SUMMABT 

The  results  of  this  work  may  be  summarized  as  follows: 

1.  Nickel  sulphide  of  approximately  the  composition  NiS  when  mol- 
ten, gradually  loses  S  until  the  composition  NisSa  is  reached,  at  which 
point  it  remains  stable.    This  confirms  the  work  of  Bornemann. 

2.  The  series  NisSr-CugS  is  eutectiferous  between  2.5  and  90  per  cent. 
NisSs.    Outside  of  these  ranges  there  is  a  series  of  solid  solutions. 

3.  The  eutectic  point  was  found  at  77  per  cent.  Ni8S2. 

4.  The  freezing  point  of  W1S2  was  found  to  be  794°  C;  CuiS, 
1,130°  C;  and  the  eutectic,  728°  C. 

5.  No  evidence  of  chemical  compounds  between  the  two  sulphides 
was  discovered. 
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The  Work  of  Crushing 

BT   ABTHUR  F.   TAGGABT/  NBW  HAYEN,   CONN. 
(New  York  Meatins.  Febmary.  1914) 


A  GENERAL  awakening  of  interest  among  mill  men  concerning  the 
mechanical  efficiencies  of  their  crushing  machines  is  evident  from  a  perusal 
of  the  recent  files  of  mining  publications.  Considering  the  large  part  of 
the  power  bill  which  must  be  debited  to  the  crushing  department,  such 
interest  is  natural.  When,  however,  the  articles  on  the  subject  are  read, 
the  only  statement  upon  which  the  writers  agree  is  that  fine  grinding 
consumes  a  large  amount  of  power,  and  that  the  machine  which,  from  a 
concentration  standpoint,  offends  as  a  slime  producer  is,  for  that  reason,  a 
serious  offender  in  wasting  power.  When  the  mill  man  attempts  to  find 
a  method  for  measuring  the  power  wasted,  or  to  compare  the  efficiency  of 
one  machine  with  that  of  another  for  the  same  work,  he  is  confronted  with 
a  choice  of  methods  which  lead  to  confficting  results. 

There  are  two  reasons  why  the  work  of  crushing  is  not  more  generally 
understood.  In  the  first  place,  experimental  data  are  difficult  to  obtain; 
and  in  the  second  place,  before  these  data  can  be  put  in  general  form  cer- 
tain assumptions  must  be  made.  A  difference  in  these  assumptions  by 
different  investigators  has  led  to  conflicting  conclusions.  This  conflict  has 
resulted  in  the  proposal  of  two  laws.  The  first  of  these  is  the  so-called 
Rittinger's  law,  which  is  variously  stated  as  follows: 

''The  work  of  crushing  is  proportional  to  the  reduction  in  diameter." — R.  H. 
Richards:  Ore  Dressing,  p.  304  (1903). 

"The  work  required  to  crush  rock  is  very  nearly  proportional  to  the  reciprocals  of 
the  diameters  crushed  to." — A.  Del  Mar:  Engineering  and  Mining  Journal,  vol.  xciv, 
No.  24,  p.  1129  (Dec.  14,  1912). 

"The  work  done  in  crushing  is  proportional  to  the  surface  exposed  by  the  opera- 
tion, or  better  expressed  for  this  purpose,  the  work  done  on  a  given  mass  of  rock  is 
proportional  to  the  reciprocal  of  the  diameter  of  the  final  product,  assuming  that  ail 
the  mass  has  been  reduced  to  one  exact  size,  which  is  only  theoretically  possible." — 
A.  0.  Gates:  Engineering  and  Mining  Journal,  vol.  xcv,  No.  21,  p.  1039  (May  24, 
1913). 

Of  this  law  as  variously  stated  above  H.  Stadler  says  (Grading  An- 
alyses and  Their  Application,  Author's  Reply  to  Discussion,  Transactions 
of  the  InstUtdion  of  Mining  and  Metallurgy,  vol.  xx,  p.  426  [1910-11]): 

*  Non-member.  Instructor  in  Mim'ng  Engineering,  Hammond  Laboratory,  Shef- 
field Scientifio  School,  Yale  Uniyeiaty. 
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" many  mining  engineers  still  have  blind  faith  in  an  old  blunder 

whichi  under  the  name  of  Rittinger's  law,  has  been  thoughtlessly  reprinted  and  carried 
on  in  edition  after  edition  of  mining  books  since  the  days  of  the  'Dark  Ages'  (1850). 
This  'law'  is  a  myth  which  has  never  been  recognised  by  science,  and  it  is  unfair  to 
Rittinger's  memory  to  connect  his  name  with  what  is  clearly  nonsense,  the  currency 
of  which,  in  the  mining  world,  is  due  either  to  misunderstanding  or  the  error  of  a  trans- 
lator. All  that  Rittinger  himself  reaUy  said  on  the  laws  of  crushing,  in  his  famous 
book  on  ore-dressing,  fills  barely  two  out  of  about  600  pages,  and  in  these  two  pages 
he  says  clearly:  *ihe  increase  of  ike  surfaces  exposed  is  directly  proportional  to  the  force 
required  for  reducing.*  (These  words  are  also  in  the  original  text  printed  in  italics.) 
As  Rittinger  goes  on  to  say:  'and  therefore  also  to  the  work  absorbed  in  effecting  the 
separations,'  it  may  certainly  be  taken  for  granted  that  he  supposed  the  force  acting 
in  the  fracture  planes  themselves.  Now,  this  may  be  conceivable  for  chemical,  elec- 
trical, thermal  actions  and  reactions,  but  not  for  external  forces  as  applied  in  mechan- 
ical crushing.  .  .  .  Had  Rittinger  stated  that  the  increase  of  surface  is  propor- 
tional both  to  'force'  and  to  'work  done,'  he  would  have  been  guilty  of  mistaking 
'force'  and  'work  done'  as  identical.  Rittinger's  law,  therefore,  simply  states  the 
proportion  of  the  increase  of  surface  to  the  force  required  in  crushing  and  not  also  to 
the  energy  absorbed,  which,  in  conformity  with  Kick's  law,  varies  as  the  volumes." 

Kick's  law  is  stated  as  follows: 

"The  energy  required  for  producing  analogous  changes  of  configuration  of  geomet- 
rically similar  bodies  of  equal  technological  state  varies  as  the  volumes  or  weights  of 
these  bodies." — H.  Stadler:  Grading  Analyses  and  Their  Application,  Transactions 
of  the  Inslituiion  of  Mining  and  Metallurgy,  vol.  xix,  p.  478  (1910-11). 

The  writer  has  made  a  careful  analysis  of  the  proofs  of  the  previously 
quoted  authors  and  has  come  to  the  conclusion  that  the  work  of  crushing  is 
proportional  to  the  volumes  of  the  particles  crushed,  according  to  Kick's 
law;  and  not  to  the  new  area  produced,  as  stated  in  Rittinger's  "law." 
The  reasons  for  this  conclusion  follow. 

Kick's  law  is  unquestionably  correct  for  all  substances  where  the 
changes  of  configuration  are  within  the  elastic  limit.  For  perfectly 
elastic  substances  the  statement  holds  true  to  final  rupture,  and  for  sub- 
stances almost  perfectly  elastic,  such  as  rock,  the  law  is  a  very  close 
approximation  of  the  fact. 

The  behavior  of  structural  materials  under  stress  has  been  widely 
investigated.  The  accompanying  phenomena  are  well  understood  and 
the  laws  controlling  them  are  universally  accepted.  Briefly  stated,  these 
laws  are: 

Within  the  elastic  limit  of  any  substance  the  force  required  to  produce 
a  given  deformation  is  directly  proportional  to  the  area  of  the  transverse 
section. 

The  amoimt  of  deformation  within  the  elastic  limit  is  directly  pro- 
portional to  the  length  of  the  specimen  and  to  the  force  applied. 

The  work  done  in  producing  a  given  deformation  is  the  product  of  the 
average  force  by  the  distance  through  which  it  acts. 

These  laws  apply  both  in  tension  and  in  compression. 
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If,  now,  we  examine  the  behavior  under  stress  of  some  highly  elastic 
substance,  the  results  of  the  examination  can  be  plotted  according  to  the 
following  characteristic  curves: 

Fig.  1  is  a  force-area  diagram  for  a  given  deformation  within  the  elastic 
limit  of  the  substance.  The  straight  line  represents,  of  course,  the  direct 
proportion  between  transverse  area  and  the  force  required  to  produce 
deformation. 
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Fig.  2  represents  the  relation,  within  the  elastic  limit,  between  length 
of  specimen  and  total  deformation  imder  a  given  load.  The  straight  line 
is  here  the  graphical  representation  of  the  law  that  the  deformation  imder 
load  is,  within  the  elastic  limit,  directly  proportional  to  the  length  of  the 
specimen. 
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The  phenomena  represented  by  these  curves  are  typical  of  all  elastic 
substances  both  in  tension  and  in  compression. 

Fig.  3  gives  the  force-deformation  diagram  for  a  highly  elastic  sub- 
stance. The  portion  of  the  curve,  Oa,  represents  the  behavior  of  the 
material  within  the  elastic  limit.  This  portion  being  a  straight  line,  the 
conclusion  is  that  deformation  is  directly  proportional  to  the  force  exerted, 
through  this  portion  of  the  curve.    The  point  a  marks  the  elastic  limit  of 
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the  material.  The  point  d  marks  final  rupture.  From  a  to  d  imit  deforma- 
tion increases  much  more  rapidly  than  imit  stress.  The  total  work  per 
unit  of  volume  to  produce  rupture  is  the  area  Oadb. 

The  preceding  statements  may  be  mathematically  expressed  as 
follows:^ 
Within  the  elastic  limit 

'       AE 

"  ~    2    ~  2AE  ~    2AE     ~  2E   *^  ^^ 
When  5  "^  ^ 

If,  to  simplify  the  mathematics  of  the  demonstration,  we  assimie  the 
particle  under  load  a  cube  of  edge  D,  then  A  =  D',  L  =  D,  S*/E  is  an 
assumed  constant,  and 

S* 
W  =  2^  X  D» 

or  the  work  of  deformation  is  proportional  to  the  volmne  of  the  particle 
deformed. 

For  the  maximum  unit  stress  within  the  elastic  limit 

W  =  2^g  X  AL 

or  the  work  of  deformation,  at  the  elastic  limit,  is  proportional  to  the 
volume  of  the  particle  deformed. 

It  is  evident  from  the  curve,  Fig.  3,  that  the  nearer  to  a  rupture  occurs, 
the  greater  the  ratio  of  work  done  within  the  elastic  limit  will  be  to  the 
total  work  necessary  to  produce  rupture.     If  a  substance  fractured  imme- 


^  The  following  notation  applies  throughout  the  mathematical  discussion  unless 
otherwise  noted: 
W  =  Work. 

e   »  Maximum  unit  stress  within  the  elastic  limit. 

f   =»  Deformation. 

L  =  Length  of  body. 

A  »  Area  of  transverse  section. 

S  —  Any  unit  stress  within  the  elastic  limit  of  the  substance. 

P  «  Units  of  force. 

D  =  Edge  of  original  or  unit  cube.  The  cube  is  chosen  for  the  shape  of  the  particle 
under  discussion  for  the  purpose  of  simplifying  the  mathematical  develop- 
ment. 

U  =  Ultimate  unit  stress  to  produce  fracture. 

n  =  Any  number. 

d  B  Edge  of  smaller  cubes  resulting  from  crushing. 

£  "  Modulus  of  elasticity. 
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diately  on  reaching  its  elastic  limit,  the  work  would  be  represented  directly 
by  the  formula 

W  =  2E  X  AL 

The  more  highly  elastic  the  substance,  the  more  closely  does  the  work 
done  in  rupture  approximate  the  above  formula.    Thus  for  highly  elastic 
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steels  the  force-deformation  diagram  is  as  shown  in  Fig.  4,  and  for  hard 
rock  the  diagram  becomes  as  shown  in  Fig.  5. 

The  conclusion,  then,  is  forced  upon  us  that  the  work  of  crushing  a 
piece  of  rock  is  very  closely  represented  by  the  formula 


e^ 


W  =  ,j^AL 


Fio.  6, 


If  we  examine  the  proofs  of  Del  Mar,  Gates,  and  Professor  Richards 
we  find  that  the  distance  factor  is  neglected  and  that  the  formula  for 
work  takes  the  form 

W  =  KP 

where  W  represents  units  of  work,  K  is  a  constant,  and  P  represents  the 
average  force  required  to  produce  rupture. 
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Thus  Professor  Richards's  proof  {Text  Book  of  Ore  Dressing,  p.  167)  is 
essentially  as  follows: 

The  number  of  planes  of  fracture  of  area  one  necessary  to  divide  a 
cube  (Fig.  6)  of  edge  one  along  "n"  planes  parallel  to  a  face  of  the  cube  is 
n  —  1,  and  to  divide  the  unit  cube  into  n*  smaller  cubes  of  equal  size 
requires  fracture  along  3(n  —  1)  planes  of  area  one.  If  the  work  done  to 
produce  fracture  along  one  plane  of  area  one  is  B,  then  the  work  to  divide 

the  cube  of  edge  one  into  n*  smaller  cubes  of  edge  -  will  be  3B(n  —  1). 

Here  the  error  creeps  in.    Professor  Richards  says  further:  "Applying 
this  to  any  cube  where  D  is  the  diameter  of  the  original  cube  and  d  the 

diameter  of  the  smaller  resulting  cubes  in  linear  imits,  n  becomes  -v.     In 

making  one  cut  through  this  cube,  the  area  of  fracture  would  be  D^  and 

our  formula  now  becomes,  3BD*  f-T  —  1)."    [In  the  original  notation  A 

takes  the  place  of  B  in  the  formulce.] 


t  (To  Break) 


^ 


^^-^■i> 


FiQ.  7. 


This  can  be  true  only  if  ''force"  and  "work  done"  are  identical. 
While  it  is  true  that  the  work  done  in  producing  fractures  aggregating  D^ 

in  area  will  be  SBD^  ( rf  ""  ^)  ^^  *^®  work  is  done  separately  on  D/1  cubes 
of  edge  one,  it  is  not  true  that  the  work  to  produce  a  fracture  of  area  D* 
in  a  cube  of  edge  D  will  be  BBD^  |  , —  1).     The  original  assumption  that 

B  equals  the  work  to  produce  a  fracture  of  area  one  from  a  cube  of  edge 

e'AL 
one  is  true  only  if  B  =  -^p,    (assuming  the  rock  perfectly  elastic).     In  the 

particular  case  assumed,  where  the  edge  of  the  cube  is  taken  as  one. 


B  = 


6^(1) 

2F      ~  2F  ^^^  ^^^  volume  relation  is  lost  sight  of;  but  when  the 

edge  of  the  cube  is  assumed  to  be  D,  the  work  to  produce  fracture  along  a 

e*D* 
plane  of  area  D*  is  otT'  ^^^  ^^®  total  work  required  to  reduce  the  cube  of 
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edge  D  to  (D/d)*  cubes  of  edge  d  is  op^'fri  ""  ^)'  or  the  work  is  propor- 
tional to  the  volumes  of  the  original  and  resulting  cubes. 

Gates  recognizes  the  distinction  between  ''work  done"  and  "force 
required  to  do  the  work"  and  starts  out  with  the  statement:' 

Energy  =  S'Ff 

when  applied  to  the  theoretical  cases  illustrated  in  Fig.  7,  where  S'  is 
the  average  resistance  to  shear  per  square  inch,  F'  is  the  area  of  fracture 
for  one  break  parallel  to  a  face  in  a  cube  of  volume  V,  W /A  is  the  area  of 
fracture  for  one  break  in  a  cube  of  volume  V/8,  and  f  is  the  distance 
moved  through  by  the  crushing  faces  to  produce  fracture.  Gates  admits 
that  within  the  elastic  limit  of  the  substances,  f  is  equal  to  a  constant 
times  the  thickness  (or  diameter)  of  the  body  and  hence  that  work  to 
compress  varies  as  the  volimie  of  the  body,  but  he  says  further,  when  the 
forces  are  applied  until  rupture  occurs: 

"To  break  the  molecular  bond  between  adjaceDt  particles  would  require  the  same 
moyement  regardless  of  the  thickness  of  the  piece." 

" it  will  not  be  hard  to  see  that  the  distance  through  which  the  offset 

faces  must  move  in  either  case  must  be  the  same  and  not  proportional  to  the  thickness 
of  the  piece.'' 

If  Gates  intends  to  say  that  the  forces  applied  by  a  crushing  machine 
are  such  as  to  produce  shearing  stresses  of  the  kind  he  represents,  he  is 
clearly  wrong.  If,  on  the  other  hand,  the  case  is  one  of  compression 
between  two  crushing  faces,  and  we  follow  his  statements  through  to  their 
logical  extreme,  we  will  find  that  a  deformation  which  is  within  the  elastic 
limit,  when  a  cube  of  rock  of  one  thickness  is  compressed,  is  greater  than 
the  thickness  of  some  other  cube.  It  will  follow,  then,  that  with  a  move- 
ment of  the  crushing  faces  equal  to  the  thickness  of  the  smaller  piece  we 
will  admittedly  cause  rupture  of  the  smaller  piece,  while  with  the  same 
movement  the  deformation  of  the  larger  piece  will  be  within  the  elastic 
limit  and  no  rupture  will  occur.  To  cite  a  specific  instance,  let  us  assume 
two  cubes  of  magnesian  limestone,  the  larger  8  in.  on  an  edge  and  the 
smaller  0.0025  in.  on  an  edge.  Trautwine  {Engineer's  Pocket  Book, 
18th  ed.,  p.  923)  cites  the  result  of  a  test  by  Capt.  James  B.  Eads  showing 
that  a  column  of  magnesian  limestone  8  in.  high  and  2  in.  in  diameter 
shortened  0.0025  in.  under  pressure  and  recovered  when  relieved.  If, 
then,  we  subject  both  of  the  above  cubes  to  a  crushing  force  which  shall 
act  through  a  distance  of  0.0025  in.,  the  small  piece  will  be  crushed,  the 
large  piece  will  not  be  ruptured,  and  the  fallacy  of  Gates's  argument  will 
be  made  apparent. 


*  Engineering  and  Mining  Journal,  vol.  xcv,  No.  21,  p.  1040  (May  24,  1913). 
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If  we  examine  the  two  proofs  just  analyzed  from  another  standpoint, 
starting  with  the  fimdamental  equations 

^       AE 
and  W=  ?=  ^^^ 


if  P  and  E  are  constant 


or  for  a  cube 


2     2AE 

KT 

W=^     (K  =  Constant  =  I«/2E) 


^      D2     D 


and  the  work  done  in  producing  a  given  deformation  within  the  elastic 
limit  is  proportional  to  the  reciprocal  of  the  diameter  of  the  particle 
deformed,  which  is  the  conclusion  reached  by  Gates  and  Professor 
Richards. 

But  in  no  crushing  machine  in  actual  operation  in  the  mills  is  the  force 
exerted  the  same  on  pieces  of  all  sizes.  Hence  the  assumption  that  P  is  a 
constant  is  erroneous,  and  the  conclusion  drawn  is  likewise  erroneous. 

Before  proceeding  to  a  consideration  of  Del  Mar's  argument  in 
support  of  Rittinger's  law,  an  understanding  of  Stadler's  method  of 
application  of  Kick's  law  is  necessary.  In  his  paper  Grading  Analyses 
and  Their  Application,  Stadler  says: 

"  The  volumes  of  the  particles  decrease  from  grade  to  grade  at  the  same  ratio  as  the 
number  of  particles,  constituting  in  their  total  the  volume  of  the  unity,  increases,  and 
the  product  of  the  volumes  into  the  number  of  the  particles  of  that  grade  is,  therefore, 
constant  for  each  grade.  As  in  conformity  to  the  above  law,  the  amount  of  energy 
absorbed  is  proportional  to  the  volume  of  the  body  to  be  crushed,  it  follows  again  also 
that  the  total  energy  required  for  reducing  the  weight  of  the  unit  is  constant  for  each 
grade, 

"The  ordinal  numbers  of  any  arithmetical  progression  given  to  these  grades  repre- 
sent consequently  the  relative  values  of  the  energy  which  has  to  be  spent  upon  pro- 
ducing this  respective  grade  from  the  initial  unit,  or  the  mechanical  value  of  the  grade. 

"For  obtaining  the  mechanical  value  of  mixed  sands,  we  need  only  to  multiply  the 
percentages  of  the  gradings  by  the  number  of  the  energy  units  of  the  respective  grade 
and  add  the  products.  This  possibility  of  having  the  gradings  of  pulps  condensed  and 
expressed  in  one  representative  figure  proves  to  be  of  great  value. 

"  The  useful  work  done  per  unit  by  any  crushing  machine  is  determined  by  the  dif- 
ference between  the  mechanical  values  of  the  samples,  taken  at  the  inlet  and  the  dis- 
charge of  the  machine,  and  for  obtaining  the  total  work  done  this  difference  has  to  be 
multiplied  by  the  tonnage  dealt  with. 

"The  relative  mechanical  efficiency  is  the  value  obtained  by  dividing  the  total  work 
done  by  the  unit  of  energy  (for  instance,  HP.) : 

Relative  mech.  efficiency  = 

Tonnage  X  Work  done  per  unit  in  E.  U." 
Unit  of  EneroMtHP.) 
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The  use  of  the  ordinal  numbers  or  E.  U.  is  illustrated  in  subsequent 
tables  quoted  from  Del  Mar's  article. 

Del  Mar  attacks  the  problem  by  means  of  the  ''deadly  parallel/' 
Taking  grading  analyses  showing  the  results  of  three  crushing  tests,  he 
computes  the  relative  mechanical  efficiencies  according  to  the  method  of 
volumes  (Stadler's  method)  and  to  the  method  of  areas  exposed  by 
crushing.  In  applying  this  latter  method  Del  Mar  assumes  the  relative 
energy  unit  for  each  grade  as  the  reciprocal  of  the  average  size  of  particle 
in  the  grade.    The  calculations,  taken  from  Del  Mar's  article,'  follow: 

Case  I 
Table  I. — Screen  Analyses  of  MiU  Material 


^M  ^ 

i_ 

MiU 

Mill  feed 

% 

No.l 

MiUi 
Mill  feed 

,  ....^-  _.. 

15.1 
35.6 
10.4 
11.1 

6.4 

0.7 
[        20.7 

NTo.  2 

M(S8n 

Discharge 

Discharge 
% 

On  20 

3.1 

15.5 

15.6 

14.6 

9.6 

2.4 

■39.2 

3.2 

4.5 

10.5 

15.8 

2.4 

63.6 

3.5 

On  40 

21.2 

On  60 

14.1 

On  80 

17.9 

On  100 

11.2 

On  120 

1.6 

Through  1! 

20. 

30.5 



Tabl] 

B  11.— Effidi 

Feed 

% 

mcy  of  Mill 

Relative 

surface  in 

feed 

82 
641 
1,304 
2,015 
1,664 
489 
9,917 

No,  1 

Discharge 

% 

Mesh 

1    Reciprocal 
'    of  average 

1         size 

Relative 
surface  in 
discharge 

+20 

26.5 
41.4 
83.6 

138 

163 

204 

253 

3.1 
15.5 
16.6 
14.6 
9.6 
2.4 
39.2 

1      ^mt^ 

+40 

+60 

+80 

+  100 

+  120 

-120 

3.2 

4.5 
10.5 
16.8 

2.4 
63.6 

Units  of 
work  in 
disch 

132 

376 

1,449 

2,575 

489 

16,090 

Units  of  w 
Units  of  w* 

ork 
ork 

in  feed 

in  feed 

16,012 

21,111 
16,012 

ne 

Difference. 

units  nf  wnrk  do 

5,100 

'  Engineering  and  Mining  Journal,  vol.  zciv,  No.  24,  p.  1129  (Dec.  14,  1912). 
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Tablb  III. — Efficiency  of  Mill  No.  2 


Reciprocal 
Mesh           of  average 

Feed 
% 

Relative 
surface  in 

Discharge 
% 

Relative 
surface  in 

size 

feed 

discharge 

+20 

26.5 

15.1 

400 

3.5 

92 

+40 

41.4 

35.6 

1,473 

21.2 

877 

+60 

83.6 

10.4 

919 

14.1 

1,178 

+80 

138 

11.1 

1,532 

17.9 

2,470 

+100 

163 

6.4 

1,043 

11.2 

1,825 

+120 

204 

0.7 

143 

1.6 

326 

-120 

253 

20.7 

5,237 

30.5 
Units  of 

7,716 

Units  of  work  in  feed 

10,747 

work  in 

disch 

14,484 

Units  of  work 

in  feed 

10,747 

le 

Difference  units  of  work  dm 

3,737 

"Mill  No.  1  has  done  5100  units  of  reduction  with  an  output  of  2}  tons  per  hp. 
or  5100  X  2}  »  12,750  units  of  reduction  work,  while  mill  No.  2  has  done  3737  units 
of  reduction  with  an  output  of  three  tons  per  horsepower  or  11,211  units  of  reduction." 

This  shows  an  excess  eflSciency  of  mill  No.  1  over  mill  No.  2  of  12.7 
per  cent. 


Table  IV.— JB.  U.  of  MiU  No.  1 


E.  U. 

feed 


44.0 
251.1 
299.6 
306.6 
211.2 

54.7 
940.0 

2108.0 


Discharge 


E.  U. 
discharge 


3.2 

51.8 

4.5 

86.4 

10.5 

220.5 

15.8 

347.6 

2.4 

54.7 

63.6 

1526.4 

2287.4 


THB  WOBK  or  CBTTSHma 


163 


Tablb  Y.—E.  v.  cS  Mia  No.  2 


Mesh 

E.U. 

Feed 

E.  U. 

Discharge 

E.  U. 

average 
size 

% 

feed 

% 

discharge 

+20 

14.2 

16.1 

214.4 

3.5 

49.7 

+40 

16.2 

35.6 

676.7 

21.2 

342.4 

+60 

19.2 

10.4 

109.6 

14.1 

270.7 

+80 

21.0 

11.1 

233.1 

17.9 

375.9 

+100 

22.0 

6.4 

140.8 

11.2 

246.4 

+120 

22.8 

0.7 

15.9 

1.6 

36.4 

-120 

24.0 

20.7 

496.8 

30.5 

732.0 

Totals 

1877.3 

..  2053.5 

V 

"The  first  example,  that  of  the  two  regrinding  machines  using  the  volume  method* 
is  worked  out  in  Tables  IV  and  V.  For  mill  No.  1,  this  diffe^nce  is  179  E.  U.  As 
the  work  done  was  2}  tons  per  hp.,  this  multiplied  by  2}  will  equal  447  E.  U. 
For  mill  No.  2,  the  difference  is  177.2.  As  the  work  done  was  three  tons  per  horse* 
power,  this  multiplied  by  three  equals  531  E.  U.  The  work  done  by  mill  No.  2  is 
therefore  18%|more  than  that  done  by  mill  No.  1,%  direct  contradiction  of  the  relative 
efficiencies  obtained  by  the  reduction-in-diameter  method." 


Casb  II 
Table  VI. — Comparison  of  Single  and  Five-^tamp  Units 


Nissen  stamp 

5-stamp  unit 

Meat 

Discharge 

Recip- 

Mechanical 

Discharge 

Recip- 

Mechanical 

% 

rocal 

value 

% 

rocal 

value 

+40 

8.56 

41.4 

354 

5.19 

41.4 

214 

+60 

13.92 

83.6 

1,163 

13.75 

83.6 

1,149 

+80 

19.73 

138.0 

2,722 

'      18.23 

138.0 

2,515 

+100 

3.40 

163.0 

554 

3.21 

163.0 

523 

+200 

6.39 

235.2 

1,502 

8.45 

252.2 

1,987 

-200 

43.39 

400 

17,356 

48.82 

400 

19,528 

Totals. . . . 

23,651 

25,916 

1 

"The  single  unit  is  a  Nissen  stamp  of  1659  lb.,  7f-in<  drop  at  100  per  minute 
crushing  5}  tons  per  stamp  per  day  through  a  40-mesh  screen.  The  5-stamp  unit 
is  a  fast  erushing  design,  1250  lb.,  7i-in.  drop,  100  per  minute,  crushing  2.25  tons 
per  stamp  per  day." 
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"The  Nissen  stamp  has  done  23,651  units  of  reduction  with  an  output  of  5} 
tons  and  an  estimated  expenditure  of  4.44  hp.  or 

23,651  X  5i 


4.44 


20,200  units  of  reducHon 


while  the  5-stamp  mill  has  an  output  of  2.25  tons  with  3.36  estimated  hp.,  or 

25,916  X  21 


3.36 


s  17,300  units  qf  reduction 


The  mechanical  efficiencies  are  then  as  1:0.59  in  favor  of  the  Nissen  stamp.  The 
compiler  of  the  fig^ures  stated  that  the  power  consumption  was  50%  leas  for  the 
Nissen  stamp.    The  above  figures  more  than  bear  this  out.'' 

Table  VII. — Comparison  of  Single  and  Five-Stamp  Units 


Nissen  stamp 

5-stamp  mOl 

Mesh 

E.U. 

Discharge 

E.U. 

Discharge 

E.  U. 

average 
size 

% 

discharge 

% 

discharge 

+40 

16.2 

8.56 

138.6 

5.19 

84.0 

+60 

19.2 

13.92 

267.2 

12.75 

264.0 

+80 

21.0 

19.73 

414.3 

*    18.23 

382.8 

+100 

22.0 

3.4 

74.8 

3.21 

70.6 

+200 

23.7 

6.39 

151.5 

8.45 

200.2 

-200 

26.0 

43.39 

1128.4 

48.82 

1269.3 

Totals 

2174.8 

2270.9 

"Table  VII  shows  the  case  of  the  Nissen  stamps  working  in  competition  with 
the  5-stamp  unit  battery.  The  Nissen  stamp  has  crushed  5}  tons  with  an  esti- 
mated horsepower  of  4.44  or 

2175  X  5i 


4.44 


=  26.94 


while  the  5  stamp  unit  has  crushed  2}  tons  with  3 .  36  hp.  or 

2271  X  21 


3.36 


15.2 


The  two  miUs  then  have  done  work  in  the  ratio  of  1:0.56,  nearly  the  exact  ratio 
found  by  the  previous  calculation,  using  the  reduction  by  diameter. 

"  Having  considered  the  case  of  crushing  from  an  impartial  standpoint,  it  has  been 
found  that  in  two  cases^  under  review  the  results  are  nearly  identical,  while  in  one 
case  they  are  the  reverse.  In  the  case  where  the  volume  method  shows  the  recrush- 
ing  mill  No.  2  to  have  done  better  work  than  No.  1,  the  actual  fact  is  that  niiQ 
No.  1  does  better  work  as  shown  by  the  reduction- of- diameter  method." 

The  last  statement  is  due  to  an  error  by  Del  Mar  in  the  use  of  the  term 
"relative  energy"  as  defined  by  Stadler.    The  difference  in  E.  U.  as 

^  One  case  omitted. 
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developed  by  Del  Mar  (179  and  177.2  respectively)  represents  relative 
energy  units  per  unit  of  weighti  in  this  case  the  ton.  The  total  relative 
work  in  each  case  is,  then,  the  product  of  the  relative  work  per  unit  of 
weight  multiplied  by  the  number  of  units  of  weight,  or  13,425  and  13,215 
respectively.  This  shows  the  relative  work  done  in  mill  No.  1  greater 
than  that  in  mill  No.  2,  as  in  Del  Mar's  method  of  calculation.  The 
relative  mechanical  efficiencies  obtained  by  the  two  methods  are  contra- 
dictory, as  Del  Mar  remarks. 
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Siase  of  Cubes-inches 

FiQ.  8. 


0.9      1.0      1.1 


Part  of  the  confusion  that  exists  on  this  subject  is  due  to  the  close 
agreement  in  the  values  of  work  over  a  certain  range  of  the  calculations 
under  both  methods.  The  reason  for  this  apparent  agreement  is  to  be 
found  in  the  graphs  representing  the  two  formulse.  The  formula  for 
work  proportional  to  area  of  fracture  is  W  =  KD*,  which  plotted  gives  a 
parabola.  The  formula  for  work  proportional  to  volume  is  W  =  K'D*, 
the  graph  of  which  is  a  cubical  parabola. 
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In  order  to  show  the  close  agreement  between  these  curves  throughout  a 
considerable  range  the  ultimate  unit  stress  per  square  inch  to  produce 
rupture  in  a  highly  elastic  rock  may  be  taken  as  10,000  lb.,  and  the  defor- 
mation per  inch  of  length  from  Eads's  figure  before  cited  as  1/3200  in. 
The  volume  formula  then  becomes 

W  =  3.13  D» 

In  order  to  bring  the  formula  for  work  as  advanced  by  Gates  into  as 
close  agreement  with  this  formula  as  possible  it  is  assumed  that  in  the 
case  cited  by  Eads  rupture  would  have  taken  place  with  a  very  slightly 
greater  deformation  than  he  gives,  say  0.0004  in.  per  inch.  The  formula 
then  becomes 

W  =  4D« 


8        9       10      U 


FiQ.  9. 


The  graphs  of  these  equations  are  shown  in  Fig.  8.  They  are  closely 
parallel  throughout  a  considerable  range,  showing  the  apparent  agreement 
mentioned.  The  values  near  the  origin  of  co-ordinates,  where  the  agree- 
ment of  the  curves  is  least,  are  difficult  to  show  in  direct  plotting.  Fig.  9 
represents  the  same  equatioDS  plotted  logarithmically.  Here  the  diver- 
gence in  the  small  sizes  is  very  marked.  That  this  is  not  wholly  a  mathe- 
matical divergence  is  apparent  from  the  following  quotation  from 
Richards's  Text  Book  of  Ore  Dressing,  p.  170: 

"Von  Reytt  has  shown  by  a  very  exhaustive  series  of  tests  that  the  ratio  of  work 
done  to  increase  the  surface  is  fairly  constant  with  coarser  sizes,  but  that  with  fine 
sizes  the  increase  of  surface  is  much  more  rapid  than  the  increase  of  work  required  to 
produce  it." 
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In  other  words,  the  formula  W  —  KD'  gives  high  results  in  the  fine 
sizes,  as  indicated  by  the  upper  curve,  Fig.  9.  If  we  look  again  at  the 
tables  given  by  Del  Mar  we  see  that  in  his  second  case,  where  the  two 
methods  agreed  closely,  there  was  but  a  small  difference  in  the  amoimt  of 
very  fine  material  in  the  two  analyses  given,  while  in  his  Case  I  there  is  a 
large  difference  and  one  of  the  percentages  is  very  high.  This  aids  the 
apparent  agreement  between  the  two  methods  of  calculation  in  Case  II 
and  brings  out  the  true  divergence  in  Case  I. 

Summary 

The  work  done  in  producing  a  given  deformation  of  any  body,  within 
the  elastic  limit  of  the  substance,  varies  as  the  volume  of  the  body 
deformed. 

For  a  highly  elastic  substance  this  principle  may  be  extended  beyond 
the  elastic  limit  by  the  assumption  that  the  force-deformation  curve 
beyond^  the  elastic  limit  is  closely  represented  by  a  continuation  of  the 
stra^ht  line  which  represents  the  behavior  of  the  body  within  the 
elastic  limit. 

For  rock,  which  is  almost  perfectly  elastic,  this  assumption  is  correct 
within  the  limits  of  experimental  error. 

The  work  of  crushing  rock  is  proportional  to  the  volumes  of  the  par- 
ticles crushed,  and  to  the  volumes  of  the  resulting  particles. 

Attempts  to  prove  the  work  of  crushing  proportional  to  the  reduction 
in  diameter  err  in  one  of  the  following  ways: 

(1)  By  neglecting  the  distance  quantity  in  the  work  formula. 

(2)  By  assuming  that  particles  in  a  crushing  machine  are  acted  upon 
in  such  a  way  as  to  produce  simple  shearing  stresses. 

(3)  By  assimiing  that  the  force  exerted  is  a  constant. 

(4)  By  confusing  "force  "and  "work." 

The  difference  in  the  results  obtained  according  to  the  two  assump- 
tions is  small  throughout  a  considerable  range  of  sizes. 

The  difference  is  marked  in  the  fine  sizes,  where  the  greatest  amount  of 
power  is  wasted. 

In  his  original  paper  on  this  subject  Stadler  used  1  in.  as  the  diameter 
of  his  unit  grade  and  a  volume  reduction  ratio  of  one-half  for  determining 
the  other  grades.  He  emphasized  the  fact  that  the  method  of  calculation 
is  independent  of  the  screens  used,  the  important  matter  to  determine 
being  the  average  diameter  of  grain  in  any  grade.  Then,  by  the  formula 
X=  — 10  log  S,  where  N  is  the  E.  U.  number  for  the  grade  and  S  is  the 
average  diameter,  N  may  be  determined.  Unless,  however,  the  screen 
apertures  in  the  testing  sieves  used  vary  according  to  the  ratio  cube  root 
of  two,  the  values  of  N  from  Stadler's  formulse  will  not  be  whole  numbers. 
This  would  be  a  trivial  objection,  since  the  slide  rule  is  a  part  of  the  equip- 
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ment  of  all  mills  sufficiently  up  to  date  for  screen  analysis,  if  it  were  not  for 
the  fact  that  within  the  last  year  there  has  appeared  in  this  country  a  set 
of  testing  sieves  whose  apertures  vary  according  to  the  ratio  square  root 
of  two,  and  which  start  from  the  U.  S.  standard  200-mesh  sieve,  0.0029  in. 
clear  aperture.  This  makes  the  coarsest  screen  of  the  series  1.050  in. 
clear  aperture.  Hence  for  this  series  of  sieves  the  E.  U.  numbers  of  the 
different  grades  based  on  1  in.  as  a  unit  will  be  all  improper  fractions, 
while  with  1.050  in.  taken  as  a  unit  the  E.  U.  numbers  are  all  whole  num- 
bers, and  calculation  with  them  is  greatly  simplified. 

This  difference  in  reduction  ratio  and  imit  aperture  changes  some  of 
the  formulae  originally  stated  by  Stadler,  and  for  the  convenience  of  those 
who  like  to  know  the  "why"  of  what  they  are  doing  and  have  not  the 
time  alwa3rs  to  sit  down  and  figure  it  out,  the  following  proof,  in  general 
form,  of  the  modified  formulae  is  appended.     If  we  let 

P  =  the  niunber  of  pieces  produced  from  the  unit  at  any  size, 

S  =  sides  of  cubes  (  =  mesh  apertures), 

V  =  volmnes  of  cubes  (or  weights) , 

F  =  area  of  fracture  with  reference  to  unit, 

R  =  ratio  of  increase  in  volume  of  the  particles  from  one 

grade  to  the  next, 
N  =  Ordinal  or  Energy  Number  (E.  U.)  of  grades, 
U  =  Length  of  edge  of  unit  cube, 

the  following  relations  are  easily  developed: 

p  =  uvs» (1) 

P  =  UVV ^ (2) 

S  =  Vv (3) 

F  =  3UVS (4) 

for  Ffor  any  small  cube  broken  from  the  imit  equals  3S'  equals  3(U/n)*. 
AndP  =  n».  S  =  U/n.  Hence  F  total  =  3PS2  =  3n»UVn^  =  3nU*  = 
3UVS. 

S  =  3UVF  (from  4) (5) 

P  =  UVS»  (from  1) 

S»  =  27UVF»  (from  5) 

Then  P  =  FV27U« (6) 

V  =  UVP  (from  2) (7) 

S  =  VV  (from  3) 

=  i^UVP  (from  7) 

=  U/^P (8) 

V  =  S» (9) 

V  =  UVP  (from  7) 
P  =  FV27U*  (from  6) 


X 
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Therefore  V  =  27U»/F» (10) 

F  =  3UVS  (from  4) 

=  SUVt^V  (from  3) (11) 

F  =  3UV(</UVP)  (from  7  and  11) 

=  3-t^PU» (12) 

1/R  =  r  =  Volume  reduction  ratio. 

For  one  reduction  Vi  =  rVo 

For  the  second  reduction,  Vj  =  rVi  =  r'Vo 

For  N  reductions,  Vn  =  r^'Vo 

But  Vo/Vn  =  P 

Therefore  P  =  l/r*'  =  R^ (13) 

S  =  U/i/P  (from  8) 

=  U/-C/RN  (from  13) (14) 

V  =  UVP  (from  7)    " 

^UVR**  (from  13) (15) 

F  =  3C^PU*  (from  12) 

=  3C/R^U«  (from  13)   ....    .     (16) 

P  =  R**  (from  13) 

Taking  logarithms  of  both  sides: 
Log  P  =  N  log  R 

N  =  (Log  P)/Log  R (17) 

P  =  UVS»  (from  1) 

Taking  logarithms  of  both  sides: 
Log  P  =  Log(UVS») 

=  3(Log  U-Log  S) 

Therefore         N  =  3(Log  U-Log  S)/Log  R (18) 

p  =  UVV  (from  2) 

Taking  logarithms  of  both  sides: 
Log  P  =  Log  U»-Log  V 

Therefore         N  =  (3  Log  U-Log  V)/Log  R (19) 

P  =  FV27U*  (from  6) 

Taking  logarithms  of  both  sides: 
Log  P  =  Log(FV27U«) 

=  Log  F»-Log  U«-Log  3» 
=  3(Log  F-2  Log  U-Log  3) 

Therefore         N  =  3(Log  F-2  Log  U-Log  3)/Log  R  .    .   .     (20) 
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Table  of  FormulcB  for  Determining  Stadler^s  Constants 


P 

S 

V 

F 

N 

p 

uvs» 

u»/v 

FV27U« 

RN 

1 

s 

u/Vp 

VV 

3UVF 

UZ-i/RN 

V 

U«/P 

s» 

27UVF» 

UVR^ 

*"    w     /  *. 

F !3f -J/P)  (U*) 

3UVS 

3UVW 

3VRNU* 

N 

Log  P 
Log  R 

3(LoglI-Log8) 
LogR 

3  LogU-Log  V 
LogR 

3(LogF 

-2  Log  U 

-Log  3) 

LogR 

3  Log  U-LogV  .-        , -, 
N L^^ (from  19) 


Therefore 

But 
and 
or 


N  =  a  function  of  V 
Work  =  Force  X  Distance 
Force  varies  as  F 

Force  =  KF  (where  K  is  the  average  unit  force  to  produce 
fracture). 


Distance  is  a  constant  function  of  the  diameter  for  any  grade  and  is 
equal  to  a  constant,  C  (determined  by  the  modulus  of  elasticity  of  the 
material),  times  the  diameter,  or 

Distance  —  CS 
Therefore  Work,  to  rupture  one  particle  at  any  grade,  =  KFCS. 

But  there  are  P  particles  of  any  given  grade  in  the  unit. 
Therefore  W,  to  crush  the  unit  volume  (or  weight)  at  any  grade,  =  PKFCS. 


But 


P  = 


F  = 


5! 
V 


(from  2) 
(from  4) 


Therefore  W  = 


U»  X  S  X  3U»  X  KG 

vs 


3KCU^ 


That  is,     W  =  a  function  of  V 
But  N  =  a  fimction  of  V 

Then         W  =  a  fimction  of  N. 

Obviously,  for  sizes  larger  than  U  the  value  of  N  will  be  negative. 
In  such  a  case  the  mechanical  value  of  the  pulp  is  the  algebraic  sum  of  the 
mechanical  values  of  the  individual  grades. 
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The  following  table  gives  the  values  of  N,  P,  V,  S,  and  F  for  the  Tyler 
standard  screen  scale  sieves: 

Constants  for  Tyler  Standard  Screen  Scale  Sieves 


Volumes 

vr-  s»> 


Are*  of  frmeture 
F(-  8UVS) 


Cubic 
mlllimeten 


Squara 
inobet 


Square 
millimeten 


No.  of  pieoet 
P  (-  DVV) 


From  unit 


Ordinal 

or 

energy 

number. 

N(-Log 

P/LofR) 


1.060 

1 
26.67    1.1576 

18.970 

8.3075 

2.133.8 

1 

0 

0.742 

18.85  i0.40851 

6.697.7 

4.6804 

8,019.1 

2.8338 

1 

0.625 

18.33    0.14470 

2.868.6 

6.6150 

4,269.2 

8.000 

2 

0.871 

0.423  0.051063 

836.7 

9.3610 

6,039.3 

22.671 

3 

0.268 

6.680  0.018102 

298.09 

13.205 

8.519.2 

63.635 

4 

0.185 

4.609  0.0063316 

[103.76 

18.772 

12.111 

182.83 

5 

0.181 

3.827  0.0022481 

36.826 

26.511 

17,105 

514.94 

6 

0.003 

2.362  0.00080434 

13.178 

37.348 

24.098 

1.439.2 

7 

0.065 

1.6510.00027462 

4.5004 

58.429 

34,469 

4.215.4 

8 

0.046 

1.168,0.000007838 

1.5934 

75.497 

48.728 

11,893 

9 

0.0328 

0.833  0.000035287 

0.57803 

105.88 

68,317 

32.806 

10 

0.0232 

0.689  0.000012487 

0.20434 

140.71 

96.618 

92.704 

11 

0.0164 

0.417|0. 0000044108 

0.072513 

211.76 

136,470 

262,450 

12 

0.0116 

0.295  0.0000015609 

0.025672 

299.89 

192.910 

741,630 

13 

0.0082 

0.208'0  00000055176 

0.0089988 

423.53 

273.600 

2.099,600 

14 

0.0068 

0.14710.00000019511 

0.0031766 

598.77 

387.140 

5.933.100 

15 

0.0041 

0.104  0.000000068919 

0.0011238 

847.06 

547.200 

16.797,000 

16 

0.0020 

0.074  0.000000024389 

0.00040522 

1.197.5 

769,040 

47.464,000 

17 

0.0014a 

0.037  0.000000003045 

1 

0.00004989 

2.396.0 

1.545.500 

380.320.000 

19 

a  Avumed. 


Discussion 

A.  O.  Gates,  LaFayette,  Ind.  (communication  to  the  Secretary*). — 
I  happen  to  be  one  of  those  who  believe  that  Rittinger  probably  meant 
what  he  said  when  he  wrote  what  Stadler  has  quoted,  'Hh^  increase  of 
the  surfaces  exposed  is  directly  proportional  to  the  force  required  for 
reducing"  ''and  therefore  also  to  the  work  absorbed  in  effecting  the  separa- 
tions.''    (The  itaUcs  are  now  mine  instead  of  Rittinger's  or  Stadler's.) 

Our  difficulty  Ues  in  not  imderstanding  just  what  occurs  at  the  so- 
called  "elastic  Umit."  Up  to  this  point  the  energy  applied  to  the  body  is 
absorbed  by  it  uniformly  in  proportion  to  volume.  At  the  so-called  elas- 
tic limit  the  first  break  occurs  some  place  within  the  body,  releasing  the 
energy  locally  absorbed  at  the  point  and  allowing  a  further  deformation 
without  a  proportional  amount  of  energy  being  absorbed.    The  cause  of 
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the  first  break  within  the  body  is  that  the  ultimate  strength  of  a  single 
crystal,  or  of  the  bonding  material  between  crystals,  was  exceeded.  A 
series  of  these  " local"  breaks  occur  in  sequence  throughout  the  body  until 
at  some  point  several  of  these  breaks  lying  close  together  so  weaken  it 
that  the  remaining  crystals  and  bonding  material  are  unable  to  resist 
fiuther  and  the  section  fails,  a  fracture  being  the  result.  And  except  as 
energy  has  been  absorbed  in  making  these  breaks  and  any  heating  of  the 
material  has  caused  radiation  losses,  the  individual  crystals  of  the  rock 
are  allowed  upon  release  of  the  pressure  to  return  to  their  original  form 
(in  conformity  to  Kick's  law,  if  I  understand  it  aright),  and  in  so  returning 
to  this  original  form  they  return  the  energy  they  contained. 

How  is  this  energy  returned?  Either  in  pushing  (or  pulling)  back  the 
crushing  faces,  or,  in  accordance  with  a  more  universal  law  of  nature, 
attacking  the  weaker  part  of  the  organization  and  completing  the  breaks 
upon  the  parts  that  have  increased  load  put  upon  them  by  breaks  along- 
side them. 

I  can  conceive  of  a  condition  in  a  body  in  which  a  few  individual  crys- 
tals or  groups  of  crystals  are  so  interlaced  that  when  the  body  is  deformed 
by  external  pressure,  and  that  pressure  is  released,  these  few  crystals  are 
so  held  that  they  are  unable  to  return  to  their  original  shape.  And  Kick's 
law  would  apply  to  these,  but  the  effect  of  the  energy  absorbed  by  these 
few  crystals  would  have  no  appreciable  effect  upon  the  total  of  energy 
absorbed  when  actual  crushing  takes  place. 

I  consider  that  the  above  reasoning  applies  to  bodies  in  tension, 
shearing,  or  compression;  it  can  be  shown,  I  believe,  that  these  three 
phenomena  reduce  to  the  same  thing,  the  breaking  of  crystal  or  molecular 
bonds.  I  am  quoting  no  authorities  in  support  of  my  arguments,  as  it 
seems  we  have  to  be  our  own  authority  at  times. 

Mr.  Ta^gart's  paper  is  a  disappointment  to  me  in  that  he  gives  no 
experimental  data  in  support  of  his  argument.  His  use  of  Eads's  experi- 
ment is  not  convincing;  he  has  made  an  assumption  that  is  unwarranted 
— namely,  that  all  the  deformation  remains  in  the  rock  after  fracture. 

Von  Reytt's  experiments,  which  Mr.  Taggart  cites,  were  made  with 
working  crushing  machines,  in  which  there  are  big  friction  losses,  in  bear- 
ings mostly,  the  actual  efficiency  of  which  I  consider  to  be  less  than  25  per 
cent.,  disregarding  the  energy  spent  upon  the  unmeasured  fines,  —0.1 
mm.  By  efficiency  I  mean  the  ratio  of  energy  absorbed  by  the  rock  to 
energy  applied  to  the  machine. 

In  his  criticism  of  my  arguments  in  The  Crushing-Surface  Diagram,* 
he  might  have  analyzed  by  Stadler's  method  the  two  crushing-surface 
diagrams  given  as  Figs.  4  and  5  in  my  paper.  (The  two  cuts  were  trans- 
posed in  making  up  the  forms,  and  certain  box  areas  were  not  marked 


•  Engineering  and  Mining  Journal,  vol.  xcv,  No.  21,  p.  1040  (May  24,  1913). 
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thereon,  although  referred  to  on  the  cut.)  A  statement  in  my  original 
copy  that  was  edited  out  suggested  such  analysis  by  the  members  of  the 
Stadler  school.  Provided  my  work  was  honest  and  reasonably  accurate, 
a  comparison  of  "E.  U.'s"  per  foot-pound  applied  would  be  illuminating. 

Answering  Mr.  Taggart,  I  do  not  presume  to  say  that  crushing  takes 
place  in  commercial  machines  between  offset  faces  as  shown  in  the  theo- 
retical diagram  I  used  to  show  the  application  of  the  law  of  Kittinger.  I 
might  have  amplified  it  further  by  showing  how  the  cracks  actually  occur 
in  the  breaking  rock  and  how  the  broken  pieces  assume  their  original  vol- 
ume in  accordance  with  Kick's  law.  But  my  paper  was  written  with  the 
purpose  of  explaining  a  new  tool  for  mill  operators,  and  I  was  hardly  pre- 
pared to  take  at  that  time  the  full  burden  of  the  defense  of  Mr.  Rittinger. 
I  did  what  I  could,  and  as  I  look  over  that  argument  now,  it  looks  pretty 
good  to  me. 

But  why  "argify"?  The  place  to  prove  whether  either  law  applies 
to  crushing  operations  is  in  the  laboratory,  and  there  upon  machines 
which  will  enable  us  to  determine  the  energy  absorbed  by  the  rock,  not 
in  commercial  crushing  machines. 

Some  data  of  this  kind  I  have  at  hand.  I  may  say  that  it  is  all  favor- 
able to  the  law  of  Rittinger,  and  that  it  will  be  submitted  to  the  Institute 
shortly. 

HatJiET  R.  Robbins,  Pullman,  Wash,  (communication  to  the  Secre- 
tary*).— It  is  with  some  trepidation  that  I  venture  to  comment  upon  Mr. 
Taggart's  excellent  paper,  which  has  done  a  great  deal  to  clarify  a  subject 
heretofore  somewhat  obscure.  The  arguments  brought  forward  in  sup- 
port of  Kick's  law  are  logical  and  convincing. 

Mr.  Taggart  seems  to  have  gone  astray  on  those  of  his  formulsB  which 
involve  F,  the  "area  of  fracture  with  reference  to  unit,"  or  else  he  has  not 
made  his  definition  sufficiently  clear.  To  my  mind,  F  means  the  total 
area  of  all  the  planes  of  fracture  which  are  assumed  to  pass  through  the 
unit  cube,  when  this  is  broken  into  a  number  of  smaller  cubes  of  equal 
size.     Using  the  notation  of  the  original  paper,  the  number  of  these  planes 

of  fracture  is  represented  by  the  expression  3(      —  1).    The  area  of  each 

plane  of  fracture  is  U*.    The  total  area  of  fracture  is  then  equal  to 

3U*(q  —  1)  which  may  be  written ^ The  results  given  by 

this  formula  may  be  checked  by  inspection  and  a  slide  rule  for  those  cases 
where  the  unit  cube  is  reduced  in  linear  size  one-half,  one-quarter,  etc. 
For  example,  to  break  into  64  cubes  of  one-quarter  the  linear  size  of  the 
unit,  it  is  readily  seen  there  must  be  nine  planes  of  fracture,  each  one 
(0.896)*  or  0.8028  sq.' in.  in  area;  9X0.8028  =  7.225,  checking  the 
figure  in  my  table  of  constants. 


*  Eeoeiyed  Mar.  31,  1914. 
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Based  upon  the  preceding  formula  for  F,  I  offer  the  accompanying 

revised  table  of  formula  for  determining  Stadler's  constants. 
Revised  Table  of  Formula  for  Determining  Stadler'e  Conetahte 


P 

S 

V 

F 

N 

p 

U» 

V 

'  (F  -f  3U«)» 
27U« 

R" 

s 

U 
P* 

V* 

3U» 
F  +  3U« 

U 

K 

RT 

V 

p 

s» 

27U» 
(F  +  3U«)» 

F 

3U»(Pj  -  1) 

3U«(U  -  S) 

S 

3U«(U  -  V*) 
V* 

3U«(Rr  -  1) 

N 

logP 
logR 

3aogU-logS) 
logR 

3 log U  -log V  '3[log(F+3U«)-21ogU-log»l 
log  R                              log  R 

I  have  also  calculated  a  table  of  constants  for  the  sieves  of  the  Tyler 
standard  screen  scale,  based,  not  upon  the  aperture  of  the  coarsest  screen 
as  a  unit,  but  upon  the  average  size  of  the  product  through  the  coarsest 
sieve  on  the  next  j&ner.  The  reason  for  this  is  that  any  product  in  a  screen 
analysis  consists  of  particles  ranging  in  size  between  the  apertures  of  the 
limiting  screens.  For  all  practical  purposes  it  is  proper  to  take  as  the 
average  size  of  this  product  the  mean  of  the  apertures  of  the  limiting 
screens.  This  is  equivalent  to  assuming  that  the  curve  of  crushing  is  a 
straight  line  between  the  points  represented  by  two  consecutive  screens. 
A  table  calculated  on  the  basis  of  the  average  sizes  of  the  successive 
screened  products  should  be  more  generally  useful  than  one  based  on  the 
apertures.  For  the  sake  of  uniformity,  I  have  followed  Mr.  Taggart's 
example  in  calculating  the  table  to  five  significant  figures,  although  three 
are  all  that  is  warranted,  inasmuch  as  the  screen  apertures  are  accurate 
only  to  three  significant  figures,  and  in  some  instances  even  the  third 
figure  is  inaccurate.  The  Energy  Numbers  in  my  table  will  not  all  be 
integers,  if  carried  beyond  three  significant  figures,  for  this  reason. 

For  the  Tyler  standard  screen  scale  sieves,  R  =  2"  =  2.8284,  log 

R  =  0.4515450,  and  log  (log  R)  =  9.6547010;  r  =-2]=  0.35355,  log  r  = 
9.5484500. 

W.  J.  Sharwood,  Lead,  S.  D.  (communication  to  the  Secretary*) : — 
The  author  of  this  paper  has  done  good  service  in  attempting  to  clear 


^Received  April  20,  1914. 
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up,  for  the  average  mill  man,  some  of  the  difficulties  involved  in  an 
understanding  of  the  rival  "laws"  proposed  for  comparing  the  work 
of  crushing.  It  is  regrettable  that  more  exact  experimental  data  are 
not  available,  and  the  hope  may  be  expressed  that  such  data  may  soon 
be  forthcoming. 

Hydrometallurgists  must  regret  to  see  Rittinger's  law  disproved,  for 
surface  exposed  is,  in  general,  a  measure  of  the  accessibility  of  solutions  to 
ore;  and  this  rule  also  ceases  to  approximate  the  truth  only  when  the 
finest  sizes  are  reached.  If  the  premises  are  sound  the  author  has  evi- 
dently proved  the  case  for  Stadler's  Energy  Units. 

The  fact  that  F  is  not  absolutely  equal  to  SU'/S  (as  assumed  on  p. 
168),  but  to  3U'/S  —  3U*,  does  not  apparently  invalidate  the  proof  in 
any  way. 

There  appears,  however,  to  be  a  flaw  in  the  supplementary  reasoning 
on  p.  170,  for  if 

W  = y (7  th  line  from  foot) 

U* 

and  P  =  y  (froni  (2),  P.  168) 

we  would  have  W  =  3KCU«XP 

where  K,  C,  and  U  have  all  been  assumed  as  having  constant  values. 

Hence  W  =  constant  X  P 

That  is  to  say,  the  work  done,  in  crushing  a  given  weight  of  ore  from  any 
one  stage  to  the  next,  would,  from  this  reasoning,  be  proportional  to  the 
number  of  particles  at  the  first  of  these  two  stages.  If  this  were  actually 
the  case,  the  law  deduced  would  give,  with  the  finer  sizes,  extremely  large 
work  values,  even  larger  than  Rittinger's  increase  of  surface  principle. 

Apparently  errors  have  been  introduced  in  lines  13  to  16  from  foot 
(p.  170),  by  assuming  that  the  distance  through  which  the  force  acts  is 
C  S;  that  is,  that  it  is  a  constant  product  of  the  final  dimension,  rather 
than  of  the  dimension  before  the  breakage  takes  place.  Again,  in  the 
next  line  we  have;  K  F  C  S  =  work  to  rupture  one  particle,  instead  of 
all  particles,  although  F  has  been  previously  defined  as  the  fracture  sur- 
face of  the  total  number  of  particles  derived  from  the  original  unit. 

Crushing  from  one  stage  to  another,  several  grades  finer,  may  be 
eflfected  in  a  number  of  ways.  For  instance,  consider  an  8-in.  cube  which 
is  to  be  reduced  to  cubes  of  1-in.  edge.  (1)  It  is  conceivable  that  this  might 
be  done  at  one  step,  say  by  pressure  applied  at  two  opposite  corners, 
breaking  it,  Hke  Oliver  Wendell  Holmes's  one-hoss  shay,  "all  at  once  and 
all  o'er,"  into  512  1-in.  cubes  (Fig.  10).  Or  (2)  by  a  similar  application  of 
force  it  might  break  at  the  first  stage  into  eight  4-in.  cubes,  each  of  which 
might  again  be  similarly  broken,  per  saltum,  into  2-in.,  and  these  again 
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into  l-in.  cubes.  (3)  A  process  of  repeated  bisection  might  be  applied, 
the  cube  being  first  cleft  into  two4-in.  slabs,  as  in  Fig.  11.  These  agait^ 
may  be  bisected,  either  by  a  cut  across  a  square  face,  as  in  Fig.  12A,  or 
across  a  nar^'ow  face,  as  in  Fig.  12B,  each  forming  two  "bricks"  4  by  4  by 


/  y 
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y 

Fia.  I2A. 

y 

y 

y 

y 

t 


Fia.  13. 


Fia.  14. 


8  in.,  which  are  broken  crosswise  into  4-in.  cubes.  The  cycle  is  repeated 
to  give  2-in.,  and  again  for  l-in.  cubes. 

From  reasoning  on  the  lines  followed  by  Mr.  Taggart,  it  would  seem 
that  the  first  method  requires  the  greatest,  and  the  repeated  bisection 
the  smallest,  expenditure  of  energy.  This  indicates  that,  from  the 
standpoint  of  work,  fine  crushing  is  best  effected  in  several  stages. 

VOL.  XL.V1I1. — 12 
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One  source  of  difficulty  in  following  the  reasoning  is  due,  I  think, 
to  the  choice  of  the  particular  ratio  of  diameters  adopted  for  the  success- 
ive stages.  In  this  connection  the  following  quotations  may  be  cited  from 
Mr.  Stadler's  reply  to  the  discussion  on  his  paper,  as  it  originally  ap- 
peared in  the  Bulletin  of  the  InstituUon  of  Mining  and  Metallurgy: 

"Just  as  coordinates,  in  analytical  geometry,  are  a  mere  matter  of  oonvenienoe,  so 
the  determination  of  the  sizes  and  steps  in  grading  is  simply  a  question  of  oonvention. 
Onoe,  however,  we  have  adopted  a  particular  standard  of  measurement,  we  must 
stick  to  it.  .  .  .  I  adopted  the  cube  for  the  sake  of  mathematical  simplicity.  The 
sphere  would  have  been  equally  suitable  from  a  mathematical  standpoint,  but  the 
reduction  of  a  sphere  to  smaller  spheres  is  not  easily  pictured  in  the  mind,  while  the 
reduction  of  a  cube  to  smaller  cubes  is  easily  imagined." 

''  By  reducing  the  cube  of  the  unit  successively  to  one-half  of  iU  volume^  and  assum- 
ing these  fractions  to  be  again  of  cubical  shape,  each  size  of  this  series  of  theoretical 
cubes  obtained  represents  a  grade  of  a  reduction  scale  of  the  ratio  2." 

The  successive  diameters  adopted  by  Mr.  Stadler  have,  therefore, 

the  ratio  -%/'- 

When  breakage  of  a  cube  is  assumed  to  take  place  in  a  number  of 
stages,  at  each  of  which  the  ratio  of  successive  average  diameters  is  the 
same;  and  if,  as  in  the  series  considered  by  Mr.  Taggart  and  by  Mr. 

Stadler,  this  ratio  is  an  irrational  number  such  as  — ^  or  jy^,  it  is  a  phys- 
ical impossibiUty  to  carry  out  the  comminution  in  practice. 

If,  for  example,  we  assume  the  ratio  of  diameters  to  be  -  .-  or  0.707, 

and  we  attempt  to  carry  out  one  stage  of  crushing  on  a  single  unit  cube, 
we  find  that  we  get  only  one  resulting  cube  of  the  theoretical  dimension, 
and  the  same  for  each  consecutive  stage;  the  remainder  of  the  mass  is 
necessarily  broken  up  into  pieces  of  indefinite  size.    The  same  is  true  of 

the  ratio  -^j-. 
v2 

A  clear  mental  picture  of  the  process,  as  suggested  by  Mr.  Stadler,  is 
undoubtedly  desirable,  but  many  people  seem  to  find  it  difficult  to  con- 
jure up  a  mental  picture  of  one  cube  of  rock  being  subdivided  exactly 
into  two  cubes.  It  is,  however,  easy  to  understand  the  subdivision  when 
the  successive  linear  dimensions  have  a  ratio  corresponding  to  some  simple 
fraction,  preferably  ^,  thus  giving  stages  of  crushing  which  can  actually 
be  realized,  as  for  instance  by  the  breaking  of  a  single  unit  cube  into  eight 
cubes — either  at  one  motion  or  by  three  successive  bisections,  as  illus- 
trated in  Figs.  10  to  14. 

On  account  of  this  fact  that  most  people,  whose  mathematical  facul- 
ties are  only  moderately  developed,  find  it  easier  to  follow  the  reasoning 
where  the  reductions  in  size  are  physically  possible,  it  would  seem  de- 
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sirable  to  make  the  Energy  Units  conform  to  some  integral  ratio  of  di- 
ameters, preferably  2 : 1  rather  than  V  2: 1,  and  to  make  the  intermediate 
values  fractional. 

This  system  has  the  advantage  of  simplicity,  as  it  is  easily  remembered 
that  each  halving  of  the  average  diameter  means  an  addition  of  one  unit 
to  the  ordinal  number.  Thus  in  the  case  of  Mr.  Taggart's  table  (p.  171) 
the  only  change  involved  would  be  the  division  of  all  the  numbers  in  the 
last  colimin  by  two,  each  screen  grade  in  the  Tyler  series  corresponding 
to  an  ordinal  number  of  J.  If  Hoover's  V2  series  of  screens  were 
adopted,  each  successive  screen  would  mean  an  addition  of  \  to  the 
ordinal  number.    In  a  ^2  series  the  addition  would  be  i,  and  so  on. 
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The  Btuning  of  Coal  Beds  in  Place 

BY  ALEXANDER  BOWIE,  BOWIE,   COLO. 
(New  York  Meeting.  Febniary,  1914) 

In  many  places  throughout  the  Western  mountain  plateau  regions  of 
the  United  States  coal  beds  in  place  have  been  burned  over  very  extensive 
areas,  the  fire  evidently  originating  on  the  nakedly  exposed  outcrop  of 
the  coal  bed  and  gradually  burning  its  way  into  the  bed  for  considerable 
distances  under  very  heavy  cover.  The  surface  evidences  of  the  burned- 
out  coal  beds  are  seen  in  the  calcined  and  discolored  rocks  overlying  the 
places  of  the  outcrops.  The  greater  the  mass  of  the  bin-ned  coal  the 
higher  the  results  of  its  combustion  can  be  seen  in  the  overlying  strata. 
I  have  noted  many  instances  of  this  condition  in  the  States  of  South 
Dakota,  Wyoming,  Colorado,  New  Mexico,  and  Arizona.  In  the 
lignite  fields  of  Dakota  and  Wyoming  I  noted  stretches  of  level  country 
many  square  miles  in  extent  where  the  surface  rocks  were  roasted  and 
vitrified  by  the  burning  of  a  great  bed  of  lignite  lying  nearly  level  and 
with  a  light  cover;  this  is  probably  the  most  favorable  natural  condition 
for  the  biu-ning  out  of  a  coal  bed.  The  less  the  depth  of  the  rock  covering 
overlying  the  coal  bed,  the  better  the  chance  for  a  continuous  supply 
of  air  to  the  fire;  but  when  the  coal  bed  dips  heavily  into  the  ground,  or 
even  if  level,  if  it  passes  under  a  hill  or  mountain  which  gives  the  bed  a 
heavy  covering  of  strata,  the  fire  has  more  chances  of  being  extinguished 
from  natural  causes  than  in  the  first  condition  described. 

The  distance  which  a  crop  fire  may  extend  into  a  coal  field  is  very 
much  influenced  by  the  dip,  the  thickness  of  the  coal  bed,  and  the  nature 
of  the  rock  covering  immediately  overlying  it. 

In  reasoning  on  this  subject,  it  would  seem  logical  to  assume  in  the 
case  of  a  coal-bed  cropping  at  the  base  of  a  hill  and  dipping  into  it,  with  an 
extensive  drainage  surface  above  the  crop  line,  that  a  crop  fire  would  be 
promptly  extinguished  by  the  caving  in  of  the  overlying  strata  and  the 
precipitation  of  the  rainfall  from  the  drainage  surface  above  the  outcrop 
through  the  breaks  formed  in  the  caving  strata.  This  consideration 
would  be  more  or  less  effective  according  to  the  climate  of  the  location 
and  the  nature  of  the  overlying  strata.  In  a  humid  climate  where  the 
rainfall  was  heavy  the  water  from  the  natural  precipitation  alone  would 
probably  extinguish  a  crop  fire  before  it  could  work  its  way  very  far  under 
cover,  but  in  an  arid  climate  this  preventive  does  not  seem  to  be  effective. 
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I  find  that  even  under  the  conditions  I  have  suggested  as  being  most 
unfavorable  for  the  continuity  of  crop  fires  there  are  places  where  fires 
have  persisted  for  long  periods  of  time  until  the  fire  has  eaten  its  way 
under  a  heavy  cover  for  distances  from  a  few  hundred  feet  to  a  half  mile 
or  more  from  the  outcrop  before  it  was  finally  extinguished. 

In  my  mining  experience  two  such  cases  have  come  under  my  observa- 
tion, one  in  the  development  of  the  Caledonian  mine,  near  Gallup, 
N.  M.,  at  an  elevation  of  6,500  ft.  above  sea  level,  and  the  other  in  the 
development  of  the  mines  of  the  Juanita  Coal  &  Coke  Co.,  in  Delta 
county,  Colo.  In  both  cases  the  coal  bed  dipped  away  from  the  outcrop 
and  in  both  cases  the  land  rose  for  a  considerable  distance  above  the  coal 
crop,  forming  a  large  drainage  area,  the  rim-off  from  which  had  to  cross 
the  line  of  outcrop. 

In  the  Caledonian  coal  bed  the  coal  was  a  high-class  lignite  about 
6  ft.  thick  at  the  outcrop,  with  a  stratum  of  hard  sandstone  about  25  ft. 
thick  for  a  roof.  As  the  mine  was  driven  into  the  field  a  seam  of  soft 
clay  shale,  which  gradually  increased  to  a  thickness  of  from  3J  to  4  ft., 
came  in  between  the  top  of  the  coal  bed  and  the  sandstone  roof.  The 
coal  was  found  burned  out  at  one  point  to  a  distance  of  nearly  500  ft. 
from  the  outcrop.  In  developing  the  mine  we  cut  through  into  places 
where  the  sandstone  roof  stood  up  in  its  natural  position  unbroken  and 
the  upper  half  of  the  coal  bed  was  burned  off.  All  that  was  left  of  it  was 
a  few  inches  of  fine  white  ashes  covering  the  lower  half  of  the  coal  bed, 
which  was  not  consumed,  but  metamorphosed  so  that  its  cohesive 
property  was  destroyed  and  it  was  nothing  but  fine  slack  that  would  not 
ignite  when  placed  on  an  ordinary  fire.  In  this  case  the  influence  of  the 
fire  did  not  extend  far  beyond  the  place  of  the  burning,  as  a  few  yards 
beyond  the  burned-out  area  we  got  coal  of  a  quaUty  good  enough  to 
ship.  There  was  no  evidence  that  water  had  played  any  part  in  ex- 
tinguishing the  fire,  as  the  fine  ashes  overlying  the  under  part  of  the  coal 
bed  were  undisturbed;  it  had  evidently  expired  for  want  of  air  by  the 
packing  of  the  earth  between  the  fire  and  the  outcrop.  It  occurred  to  me 
at  the  time  that  if  the  4  ft.  of  soft  clay  shale  had  formed  the  roof  of  the 
coal  bed  at  the  outcrop  the  fire  would  have  been  smothered  by  the  shale 
before  it  could  have  burned  its  way  many  feet  from  the  outcrop. 

I  had  an  opportunity  for  further  observation  at  the  mine  of  the 
Juanita  Coal  &  Coke  Co.,  which  is  located  on  the  north  side  of  the  North 
Fork  branch  of  the  Gunnison  river,  at  an  elevation  of  about  6,600  ft. 
above  sea  level.  The  mine  is  named  the  King  mine  and  we  refer  to  the 
bed  in  which  it  is  opened  as  the  King  coal  bed.  At  the  point  where  the 
mine  is  located  the  stream  flows  nearly  west  and  the  high  banks  run 
approximately  parallel  to  it  and  rise  high  above  it  on  both  sides.  On 
the  north  side  the  surface  rises  abruptly  to  an  elevation  of  from  1,200 
to  1,500  ft.  above  the  level  of  the  stream  and  continues  to  rise  for  many 
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miles  northward.  The  King  mine  is  opened  on  the  north  side  about 
700  ft.  above  the  level  of  the  stream  and  80  ft.  above  a  great  clifF-making 
sandstone  ranging  from  100  to  150  ft.  thick,  which  forms  the  base  of  the 
coal  formation  and  is  commonly  referred  to  as  the  basal  sandstone.  The 
mine  enters  on  the  outcrop  of  the  coal  bed,  which  comes  to  the  surface 
at  that  point,  although  the  coal  is  burned  out  along  the  outcrop  on  both 
sides  of  the  opening.  There  is  only  a  sparse  covering  of  soil  in  patches 
along  this  hillside,  the  rocks  for  the  most  part  being  nakedly  exposed, 
and  one  can  trace  the  horizon  of  the  coal  bed  in  which  the  mine  is  opened 
for  long  distances  and  find  nothing  but  calcined  rocks.  The  dip  of  the 
coal  bed  is  northeast  and  the  main  line  of  the  development  of  the  mine  is 
northward;  the  rate  of  dip  on  the  line  of  the  main  entries  is  about  5  per 
cent. 

The  coal  mined  next  the  outcrop  was  very  soft  and  continued  to  be  of 
inferior  quality  for  about  700  ft.  or  more  in  from  the  outcrop. 

The  coal  adjacent  to  the  burned-out  area  seemed  to  have  its  cohesive 
quality  entirely  destroyed.  It  was  soft  and  very  easily  mined,  but  could 
not  be  utilized  even  for  steam  fuel,  as  the  volatile  constituents  of  the 
coal  seemed  to  have  been  expelled  by  the  heat.  Our  customers  complained 
that  it  lay  dead  on  a  fire  and  would  not  bum.  We  had  a  zone  of 
several  hundred  feet  of  this  kind  of  coal,  which  gradually  became  less 
fragile  until  we  had  coal  that  could  be  utilized  for  steam  fuel;  but  passing 
it  over  a  screen  would  yield  a  very  small  quantity  of  lump  coal,  a  large 
percentage  of  nut  and  a  still  larger  percentage  of  slack,  while  great 
clouds  of  fine  dust  would  rise  over  the  screen  during  the  screening  operar 
tion.  This  condition  gradually  improved  until  about  800  ft.  from  the 
outcrop  a  fair  quality  of  coal  was  mined. 

The  plan  of  mining  was  to  turn  off  entries  in  pairs  to  the  right  and  left 
from  the  main  line  of  development.  The  inferior  quality  of  the  coal  found 
next  the  outcrop  had  the  effect  of  deferring  the  opening  of  these  side 
entries,  but  ultimately  we  turned  off  three  to  the  left,  the  last  one  about 
1,800  ft.  from  the  outcrop.  All  of  the  three  entries  broke  through  on  an 
area  where  the  coal  had  been  burned  out  entirely,  at  distances  ranging 
from  350  to  500  ft.  west  from  the  main  entry,  and  in  each  case  our  mine 
was  flooded  by  the  water  confined  in  the  caved  material.  No  other 
entries  have  been  driven  to  the  left  beyond  the  third  left  entry,  so  that 
the  conditions  beyond  that  entry  remain  undetermined. 

In  the  first  two  cases  when  the  water  broke  through  from  the  bumed- 
out  area  into  our  mine  workings,  it  came  in  such  volume  that  we  were 
unable  to  approach  the  opening  from  which  it  issued.  After  the  water 
had  partly  drained  off  we  made  an  effort  to  reach  and  examine  the  opening 
from  which  it  came  and  were  at  first  prevented  from  approaching  it  by 
the  eiHux  of  black  damp,  which  promptly  extinguished  a  miner's  lamp. 
This  condition  gradually  improved  as  thje  flow  of  the  water  decreased; 
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before  it  was  fully  discharged  we  were  able  to  approach  the  opening,  and 
found  that  the  pressure  of  the  water  had  burst  a  hole  larger  than  an 
ordinary  barrel  through  a  wall  of  coal  several  feet  thick.  Looking 
through  this  hole  we  saw  quite  an  open  space  along  a  vertical  wall  of 
charred  coal.  The  coal  bed  varies  from  8  to  10  ft.  or  more  in  thickness. 
The  roof  of  the  bed  on  the  west  side  of  the  mine  is  a  massive  sandstone  of 
variable  thickness  which  breaks  in  great  rectangular  blocks.  At  the  point 
where  we  broke  through  the  roof  strata  had  been  sufficiently  strong  to 
resist  breaking  close  along  the  face  of  the  burned  coal,  but  had  broken 
several  feet  back  from  the  face,  and  between  the  great  blocks  of  sandstone 
which  formed  the  base  of  the  caved  material  there  were  many  vacant 
spaces.  It  was  in  these  interstitial  spaces  that  the  water  that  flooded  our 
mine  had  lodged.  There  was  no  means  of  deciding  whether  the  fire 
that  had  consumed  the  coal  bed  had  been  extinguished  from  want  of  air 
and  an  influx  of  water  had  occurred  later,  or  if  it  had  been  quenched  by 
the  water.  There  were  no  fine  ashes  visible  as  in  the  case  noted  in  the 
Caledonian  mine.  They  seemed  to  have  been  all  washed  out  by  the 
water.  The  greater  part  of  the  first  flood  was  disposed  of  by  siphon; 
the  last  two  had  to  be  pumped.  We  tried  to  use  the  mine  water  in  a 
boiler  to  raise  steam  for  the  pimip,  but  failed  because  it  foamed  so  badly. 
We  tried  all  the  known  remedies  for  foaming,  but  still  it  foamed.  We 
sent  samples  of  the  water  to  three  of  the  principal  firms  that  advertise  the 
treatment  of  impm-e  water  to  fit  it  for  boiler  use.  They  all  gave  it  up  as 
being  unfit  for  use.    I  give  herewith  an  analysis  of  the  water. 

'* Mineral  Analysis 

Grains  per  gallon 

SiUca 0.666 

Oxidee  of  iron  and  aluminum 1 .  576 

Carbonate  of  lime Trace 

Sulphate  of  lime 83.952 

Carbonate  of  magnesia 118.910 

Sulphate  of  magnesia 303.989 

Sodium  and  potassium  sulphates 810. 395 

Sodium  and  potassium  chlorates 14 .  960 

Loss,  etc 0. 108 

Total  soluble  solids 1,334.556 

Suspended  matter 3.971 

Total  soluble  incrusting  solids 509. 093 

Total  soluble  non-incrusting  solids 825 .  463 

Pounds 

Soluble  incrustmg  solids  per  1,000  U.  S.  gal 72.73 

Soluble  non-incrusting  sohds  per  1,000  U.  S.  gal 117 .  92 

"Containfl  a  little  over  1,334}  grains  of  solid  matter  in  solution  and  a  little  less 
than  4  grains  in  suspension,  per  U.  S.  gallon  of  231  cubic  inches. 
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"This'water  is  absolutely  unfit  to  be  considered  as  a  boiler  feed  supply,  as  it  will 
not  only  cause  the  formation  of  a  decidedly  large  amount  of  incrustation  which  will 
be  exceedingly  hard,  impervious,  persistent,  tenacious  and  compact,  but  will  also  cause, 
under  practically  every  condition,  trouble  in  the  way  of  foaming,  priming,  corrosion, 
pitting,  oozing  out  at  and  causing  leaky  joints,  destruction  of  gaskets,  etc." 


The  water  doubtless  contains  everything  that  was  soluble  in  the  coal 
asheS;  besides  the  salts  it  accumulated  in  its  passage  through  the  strata 
overlying  the  coal  bed.  This  all  happened  on  the  west  side  of  the  mine. 
It  should  also  be  noted  that  at  a  place  about  2,000  ft.  west  of  the  opening 
along  the  burned  outcrop  there  is  a  point  that  was  considered  a  good 
place  to  open  a  mine  when  the  development  of  the  property  was  first 
considered.  A  pair  of  drifts  were  opened  there  on  the  plane  of  the  coal 
bed  and  driven  in  600  ft.  or  more,  following  a  streak  of  ashes  all  the  way, 
but  as  no  coal  was  found  the  two  drifts  were  abandoned.  The  present 
opening  was  then  located.  No  unusual  heat  was  noted  when  approach- 
ing the  burned-out  areas  on  either  the  east  or  the  west  side  of  the  mine  and 
the  natural  inference  is  that  the  fires  which  consumed  this  great  body  of 
coal  are  extinct. 

On  the  east  side  of  the  mine  the  first  drain  entry  was  turned  oflf  about 
2,000  ft.  from  the  pit  mouth  and  was  driven  eastward  in  the  coal  bed 
about  1,600  ft.  to  a  gulch,  where  an  opening  was  made  to  the  surface. 
The  outcrop  between  the  pit  mouth  and  this  gulch  is  all  burned  out,  and 
when  rooms  were  turned  off  this  entry  and  driven  out  toward  the  outcrop, 
in  a  short  distance  they  all  ran  into  inferior  coal  of  the  same  nature  as 
that  found  in  opening  the  mine.  In  consequence  of  this  fact  none  of 
them  were  driven  out  far  enough  to  hole  into  the  burned  area. 

About  80  ft.  vertically  below  the  burned  outcrop  I  have  been  describ- 
ing is  the  place  of  the  lowest  coal  bed  in  the  formation,  on  the  top  of  the 
basal  sandstone.  About  2  miles  east  of  the  King  mine  this  bed  is  only  a 
foot  thick.  Following  the  outcrop  westward  it  increases  in  thickness 
to  4  ft.  at  the  King  mine  and  continues  to  increase  until  it  shows  about 
6  ft.  of  coal  a  mile  or  more  west  of  the  King  mine.  This  coal  bed  is 
nakedly  exposed  in  many  places  along  the  outcrop.  In  view  of  the  condi- 
tion of  the  outcrop  of  the  King  coal  bed  I  thought  it  remarkable  that  the 
lower  coal  bed  showed  no  evidence  of  being  burned  on  the  outcrop  for  2 
miles  or  more  on  each  side  of  the  mine.  The  natural  conditions  to  which 
they  had  been  exposed  for  many  years  were  identical  and  I  could  not 
imagine  why  one  bed  should  have  been  burned  by  many  fires  of  inde- 
pendent origin  while  the  other  had  escaped  ignition  entirely. 

I  give  herewith  an  analysis  of  both  coal  beds  by  Prof.  William  P. 
Headden.* 

^  Proceedings  of  the  Colorado  Scientific  Society,  vol.  viii,  pp.  293  and  294  (1907). 
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Juanita,  four  and  one-half  foot  seam.    Specific  gravity,  1.351. 

PbOXIMATB   ANALrSIS  Ul/TIMATB   ANALYSIS 

Air-Dried  Coal  Ptare  Coal 

Moisture  at  IOC* 2.175            Carbon 79.918 

Volatile 34.447            Hydrogen 6.033 

Rxed  carbon 54. 173            Nitrogen 1.813 

Ash 9.205            Sulfur 0.968 

Oxygen 12.268 


100.000  100.000 

Calorific  value  determinedi  air-dried  coal,  7116  calories,  12809  B.T.U.;  pure  coal, 
8030  calories,.  14454  B.T.U. 

Juanita,  fourteen  foot  seam.    Specific  gravity,  1.318. 

Proximate  Analysis  Ultimate  Analysis 

Air-Dried  Coal  Pure  Coal 

Moisture  at  100° 1.000            Carbon 82.920 

Volatae 27.432            Hydrogen 4.479 

Fixed  carbon 66.863            Nitrogen 1 .746 

Ash 4.705            SuHur 0.643 

Oxygen 10.212 


100.000  100.000 

Calorific  value  determined,  air-dried  coal,  7674  calories,  13813  B.T.U. ;  pure  coal, 
8138  calories,  14648  B.T.U. 

Coals  with  a  high  moisture  and  low  carbon  content  are  supposed  to  be 
the  most  liable  to  spontaneous  combustion,  but  in  this  case  it  is  the  coal 
bed  having  a  relatively  higher  moisture  and  lower  carbon  content  that 
has  escaped  ignition  at  the  outcrop. 

Tracing  the  horizon  of  the  King  (burned-out)  coal  bed  eastward  along 
the  north  btok  of  the  river,  in  5  miles  we  reach  the  Somerset  mine.  The 
coal  bed  in  which  this  mine  is  opened  is  identical  with  the  Kifig  seam  and 
has  increased  in  this  distance  to  double  the  thickness  found  in  the  King 
mine,  but  the  lower  part  of  the  seam  is  so  impure  that  only  the  upper  half 
of  it  is  mined.  The  Somerset  mine  is  also  opened  to  the  north  and  devel- 
oped by  entries  driven  to  the  right  and  left.  The  entries  driven  to  the 
left,  with  one  exception,  were  driven  a  certain  distance  west  and  then  had 
to  be  stopped  on  account  of  excessive  heat.  I  am  reliably  informed  that 
temperatures  as  high  as  180^  F.  have  been  registered  by  a  thermometer 
placed  in  a  hole  drilled  in  the  coal  in  this  hot  area.  In  1904,  I  visited 
the  mine  and  saw  miners  wearing  gloves  to  load  coal  because  it  was  too 
hot  to  be  handled  with  naked  hands.  There  was  a  good  current  of  air,  but 
the  temperature  was  112**  F.  The  last  entry  driven  to  the  west,  about 
4,000  ft.  in  from  the  outcrop,  seems  to  have  succeeded  in  getting  past 
the  hot  area,  as  temperatures  as  high  as  140^  F.,  registered  by  a  ther- 
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mometer  placed  in  a  hole  drilled  in  the  coal,  have  gradually  decreased  to 
a  normal  temperature.  The  outcrop  of  the  coal  bed  west  of  the  mine  is 
all  burned.  It  is  well  above  the  level  of  the  stream  and  an  opening  to  the 
surface  would  be  convenient  and  desirable,  but  every  attempt  to  drive 
out  to  the  surface  from  the  interior  of  the  mine  has  been  frustrated  bv 
the  heat. 

On  the  mountain  side  above  the  area  where  the  source  of  the  heat 
seems  to  be  located,  about  f  mile  west  of  the  mine  and  at  an  elevation 
of  about  600  or  700  ft.  above  the  coal  bed,  hot  gases  showing  a  tempera- 
ture of  150^  F.  issue  from  rents  in  the  strata.  This  phenomena  was 
noted  by  the  early  settlers  in  the  valley  long  before  the  mines  were  opened 
and  the  place  was  not  inappropriately  christened  ''Fire  mountain"  and 
is  still  known  by  that  name.  An  analysis  of  the  gas  issuing  from  one  of 
the  crevices  on  the  mountain  was  made  by  the  U.  S.  Bureau  of  Mines 
(George  A.  Burrell,  chemist)  from  a  sample  taken  during  1911.  The 
analysis  shows:  CO2,  15.51;  O2,  3.29;  CO,  0.00;  CH4,  0.23;  N,  80.97; 
total,  100.00  per  cent. 

The  cause  of  the  abnormal  heat  in  the  Somerset  mine  and  of  the  hot 
gases  escaping  from  Fire  mountain  is  generally  believed  to  be  the  smolder- 
ing residue  of  an  ancient  crop  fire,  although  one  prominent  member  of 
the  mining  fraternity  prefers  laccoliths  and  thermal  waters  as  a  means  of 
accounting  for  the  phenomena. 

With  regard  to  the  manner  in  which  crop  fires  may  originate,  the  sug- 
gestion that  they  may  have  been  started  by  forest  fires  or  camp  fires 
built  on  a  nakedly  exposed  outcrop  seems  to  find  more  favor  than  any 
other  mode  of  causation.  While  these  causes  have  been  in  as  active 
operation  in  the  Eastern  States  as  they  have  been  in  the  Western,  the 
difference  in  conditions  may  reasonably  be  held  sufficient  to  account  for 
the  difference  in  results.  I  have  traced  the  place  or  position  of  coal  out- 
crops for  long  distances  in  Pennsylvania,  West  Virginia,  in  the  western 
part  of  Virginia,  and  in  other  Eastern  States  without  seeing  any  actual 
exposures  of  coal.  Ordinarily  the  coal  crop  is  covered  with  humid  soil 
several  feet  deep,  which  forms  a  good  protection  to  the  coal  bed  from  any 
surface  fire.  Naked  exposures  of  coal  beds  are  rare  and  I  cannot  recall 
seeing  a  burned  outcrop  in  any  of  my  examinations  of  coal  fields  in 
Eastern  States. 

In  many  places  in  the  Western  States  the  outcrops  of  coal  are  only 
partly  concealed  by  a  slight  covering  of  soil  and  naked  exposures  along 
outcrops  are  frequent,  and  may  show  for  several  hundred  feet  at  a  stretch. 
The  climate  is  arid  and  the  vegetation  scanty,  consisting  mostly  of 
greasewood,  sage  brush,  pinon  and  cedar  trees,  that  will  live  with  little 
moisture  at  any  time  but  after  a  protracted  dry  spell  become  as  dry  as 
tinder  and  furnish  good  fuel  for  a  fire.  During  nearly  every  summer  for 
the  past  seven  years  I  have  seen  trees  oh  the  north  bank  of  the  North 
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Fork  of  the  Gunnison  struck  by  lightning  and  burn  fiercely  until  they 
were  consumed.  Some  of  these  trees  attain  considerable  magnitude^  and 
it  seems  reasonable  to  believe  that  if  one  or  more  large  burning  pinon  or 
cedar  trees  fell  across  the  nakedly  exposed  outcrop  of  a  coal  bed  sufficient 
heat  might  be  generated  to  set  it  on  fire. 

That  very  slight  differences  in  climate  may  create  conditions  more  or 
l^s  favorable  to  the  ignition  of  the  outcrop  of  coal  beds  is  well  shown  in 
this  neighborhood  by  comparing  the  north  and  south  banks  of  the  North 
Fork.  The  coal  formation  is  exposed  on  both  sides  of  the  stream,  and 
both  banks  rise  abruptly  1,500  ft.  more  or  less  above  the  drainage  level. 
The  north  bank  receives  the  full  force  of  the  sun's  rays  nearly  all  day. 
There  being  little  rainfall,  the  soil  becomes  so  parched  with  the  heat  that 
it  will  support  very  little  vegetation.  The  soil,  what  little  there  is,  is 
loose  and  incoherent,  and  when  rain  does  come  it  carries  the  loose  soil 
with  it  to  lower  levels.  When  snow  falls,  it  rarely  lies  on  the  ground 
more  than  one  day;  it  melts  and  goes  off  rapidly;  and  the  erosion  from 
snow  water  is  just  as  effective  as  that  from  rain,  so  that  the  rocks  on  the 
north  side  do  not  commonly  accumulate  any  considerable  covering  of 
soil.  On  the  other  hand,  the  south  bank  is  partly  shaded  from  the  sun, 
and  does  not  receive  the  full  force  of  its  rays  as  the  north  side  does.  Snow 
lies  nearly  all  winter  on  the  south  bank,  melts  gradually,  and  sinks  into 
the  soil  wherever  there  is  any  soil  to  absorb  it;  vegetation  has  therefore 
a  better  chance  to  survive  on  the  south  bank.  The  vegetation  holds  the 
soil  together  so  that  the  erosive  action  of  the  rainfall  is  not  so  great  as 
on  the  north  bank,  and  the  rocks  are  more  frequently  clothed  with  a 
kindly  covering  of  soil,  which  has  the  natural  effect  of  making  burned 
outcrops  less  frequent  and  not  so  extensive  as  they  are  on  the  north 
bank. 

It  is  also  worthy  of  note  that  on  both  banks  where  the  outcrop  crosses 
a  gulch  or  drainage  line  of  any  considerable  magnitude  the  coal  is  not 
burned  out.  This  statement  is  not  invariably  true.  The  protection  of 
the  coal  beds  in  the  gulches  is  doubtless  due  to  their  being  partly  shaded 
from  the  sun,  and  the  consequent  accumulation  of  soil  and  denser 
vegetation,  which  restrains  erosion,  just  as  on  the  north  bank. 

If  a  coal  bed  lies  under  heavy  cover  and  is  burned  out  along  the  out- 
crop there  is  no  possible  means  of  determining  by  surface  examination 
how  far  the  fire  has  extended  into  the  coal  field,  or  of  defining  the  limit  of 
the  burned-out  area.  The  only  surface  evidence  of  the  burning  will  be 
found  in  the  calcined  and  charred  rocks  along  the  geological  horizon  of 
the  outcrop  of  the  bed,  and  in  the  fractured  and  displaced  overlying  rocks 
where  the  roof  covering  is  shallow. 

The  rule  stated  is  applicable  to  the  burned-out  areas  adjacent  to  the 
Somerset  and  King  mines,  and  under  ordinary  conditions  will  apply  to 
coal  beds  of  equal  or  lesser  thickness  elsewhere.    The  burning  of  a  mam- 
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moth  coal  bed  would  be  likely  to  form  an  exception  to  this  rule,  for  obvious 
reasons. 

The  belief  that  crop  fires  do  not  extend  far  from  the  surface  is 
responsible  for  the  purchase  as  coal  land  of  hundreds  of  acres  of  land  that 
contains  no  coal^  taxes  being  paid  on  it  as  coal  land  for  a  long  term  of 
years  until  mining  development  proves  the  coal  is  burned  out. 

During  the  time  the  King  mine  has  been  in  operation  we  have  never 
received  any  complaints  or  heard  any  report  of  the  coal  having  taken  fire 
spontaneously  when  stored  in  large  heaps,  and  at  the  mine  on  two 
occasions  we  had  to  unload  and  store  slack  in  heaps  10  to  15  ft.  deep, 
which  lay  undisturbed  for  several  months  without  showing  any  signs  of 
spontaneous  combustion  or  even  heating  perceptibly;  nor  have  I  ever 
heard  of  any  spontaneous  fires  in  coal  from  the  Somerset  mine.  But  we 
have  had  three  fires  in  the  King  mine  from  spontaneous  combustion, 
which  in  each  case  originated  in  the  d6bris  from  falls  in  the  east  side  of 
the  mine.  In  this  part  of  the  mine  the  deterioration  of  the  coal  bed 
already  described  extends  so  far  in  from  the  crop  line  and  the  roof  of  the 
bed  is  also  found  to  be  so  much  affected  as  to  raise  the  suspicion  that  a 
coal  bed  not  far  above  the  one  we  are  now  working  has  been  burned. 
This  idea  was  strengthened  by  observing  the  structure  of  the  roof,  as 
soon  as  we  had  some  falls  in  that  part  of  the  mine.  I  give  a  section  here- 
with of  the  roof  material  in  which  the  spontaneous  fires  were  generated. 

Massive  sandstone. 

White  clay,  2  ft. 

Coal  smut,  1  to  2  ft. 

Blue  clay,  2  ft. 

Coal,  1  ft. 

Bone  coal,  6  in. 

Coal,  1  ft.  6  in. 

Bone  coal,  4  to  6  in. 

Parting. 

King  coal  bed,  10  ft.  6  in. 

The  strata  above  the  parting  form  the  roof  of  the  workings  in  the 
King  coal  bed.  The  coal  found  above  the  parting  is  all  rather  impure  and 
contains  much  pyrites;  even  the  clay  when  heated  gives  off  strong  sulphur 
fumes.  The  coal  smut  looks  like  coal  that  had  been  reduced  to  a  fine 
powder  and  compacted  just  enough  to  hold  together,  but  is  easily 
crumbled  to  dust  between  the  thumb  and  forefinger.  It  is  the  debris 
from  this  section  of  8  or  10  ft.  above  the  coal  bed  where  the  smut  is  found 
that  generates  spontaneous  fires.  The  roof  is  difficult  to  maintain; 
when  it  breaks  it  comes  down  in  small  fragments  and  packs  close. 

Elsewhere  in  the  mine  where  the  smut  is  not  found  we  have  drawn  a 
block  of  pillars.  The  roof  was  good,  and  when  we  had  a  break  it  came 
down  in  great  blocks.  On  several  occasions  we  noted  that  the  tempera- 
ture in  these  falls  was  several  degrees  hotter  than  in  our  return  airways, 
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but  the  block  of  pillars  was  cleaned  out  without  noting  any  temperature 
high  enough  to  excite  fear  of  spontaneous  fire.  The  temperature  on  top 
of  the  falls  runs  up  to  88®  F. ;  the  ordinary  temperature  of  our  return  air- 
way was  about  64®.  Whenever  we  had  a  break  in  drawing  pillars  or  a  fall 
of  rock  of  any  considerable  magnitude  we  commonly  found  on  climbing 
up  over  the  fall  that  as  soon  as  we  got  a  few  feet  above  the  level  of  the 
roof  our  lights  were  promptly  extinguished.  At  the  time  referred  to 
both  oil  lamps  and  calcium  carbide  lamps  were  used  in  our  mine.  We 
found  the  acetylene  gas  flame  would  continue  to  burn  in  air  that  would 
extinguish  the  flame  of  an  oil  lamp.  Whenever  a  miner  comes  in  contact 
with  gas  that  puts  out  his  light  he  promptly  labels  it  black  damp.  So  it 
was  in  this  case,  but  I  noticed  that  this  gas  did  not  descend  to  the  floor, 
even  in  the  most  isolated  places  where  there  was  no  air  current.  Conse- 
quently I  concluded  that  the  extinction  of  the  flame  in  our  lamps  was  due 
to  some  other  gas.  W.  D.  Scofield,  of  the  U.  S.  Bureau  of  Mines,  took 
samples  of  the  air  from  the  top  of  two  of  the  falls  and  also  from  behind 
one  of  the  stoppings  where  we  had  a  fire  walled  off.  These  samples  were 
analyzed  by  George  A.  Burrell  and  gave  the  following  results: 

Atmosphere  from  Walled-off  Area,— COi,  3.62;  O2,  16.28;  CO,  0.00 
CH4,  0.05;  N,  80.05;  total,  100.00  per  cent. 

Air  on  Top  of  FaU—CO^,  1.22;  O2,  16.60;  CO,  0.00;  CH4,  0.25 
N,  81.93;  total,  100.00  per  cent. 

Air  on  Top  of  Fall—COz,  1.30;  O2,  16.68;  CO,  0.00;  CH4,  0.25 
N,  81.77;  total,  100.00  per  cent. 

It  is  remarkable  that  there  is  no  CO  in  any  of  these  samples,  not  even 
in  the  walled-oflF  inclosure  where  the  fire  had  been.  Neither  of  the 
samples  from  the  top  of  the  falls,  in  which  a  light  would  not  burn,  showed 
enough  CO2  to  extinguish  a  flame.  The  failure  to  support  combustion 
in  both  cases  seems  to  have  been  due  to  a  reduction  in  the  oxygen  and  a 
relative  increase  in  the  nitrogen  content  of  the  air.  The  decrease  in 
the  oxygen  was  probably  due  to  slow  combustion  that  did  not  generate 
enough  heat  to  reach  the  temperature  of  ignition  for  the  carbonaceous 
matter  contained  in  the  debris  but  doubtless  caused  the  increase  of 
temperature  noted. 

The  burning  of  coal  beds  in  place  and  the  conditions  which  generate 
the  fires  that  ignite  them,  as  well  as  the  spontaneous  generation  of  fires 
in  mines,  is  an  interesting  subject  to  the  coal-mining  fraternity  and  I 
have  recorded  my  observations  in  the  hope  that  it  may  prompt  some  other 
members  of  the  craft  to  do  likewise,  as  we  have  very  little  literature  on 
the  subject. 

Discussion 

G.  H.  Williams,*  Bowie,  Colo,  (communication  to  the  Secretary  t). — 
I  have  seen  this  burning,  not  only  in  Colorado,  but  in  New  Mexico  and 

*  Non-member.  t  Received  June  4,  1914. 
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Utah.  The  physical  evidences  shown  on  the  surface  are  the  same  in  all 
cases  I  have  observed :  the  rock  overljring  the  burned  coal  bed  is  discolored 
and  fractured,  and  hot  gases  and  water  vapors  escape  through  the  frac- 
tures where  the  coal  bed  is  still  burning.  In  Utah  I  have  seen  the  sand- 
stone and  shale  overljdng  the  burned-out  coal  bed  actually  slagged  by  the 
heat  and  showing  the  appearance  of  lava  rather  than  any  resemblance  to 
sedimentary  rock. 

Some  miles  from  Raton,  N.  M.,  there  is  a  coal  bed  that  has  been 
burned  at  the  outcrop  which  is  still  undergoing  the  process  of  combustion. 

The  burning  is  still  going  on  at  Somerset,  but  I  question  whether  it  is 
in  the  seam  that  we  are  working  at  present.  It  seems  to  me  more  prob- 
able that  it  is  in  one  of  the  upper  seams,  one  of  which  is  6  or  7  ft.  thick. 

In  prosecuting  the  work  at  the  Somerset  mine  we  ran  into  burned  coal 
in  the  heated  area  and  drove  a  certain  distance  into  the  burned  and 
crushed  material.  The  temperature  observed  was  no  greater  than  when 
driving  in  the  coal,  neither  were  there  any  noxious  gases  encoimtered  in 
noticeable  quantity;  this  was  probably  due  to  the  tendency  of  the  air  to 
escape  upward  through  the  crevices  in  the  overlying  rock.  The  greatest 
heat  observed  in  the  Somerset  mine  was  in  the  Second  Rise  entry,  a  short 
entry  driven  toward  the  rise  or  outcrop  on  the  west  of  the  slope.  We 
never  reached  any  point  where  combustion  was  still  going  on,  but  this 
entry  was  abandoned  on  account  of  the  heat,  although  it  was  still  in  solid 
coal,  at  a  point  1,750  ft.  in  from  the  place  of  the  burned  outcrop.  A  wall 
was  built  across  the  entry  some  distance  back  from  the  face  and  a  pipe 
fitted  with  a  valve  was  left  in  the  wall,  through  which  a  thermometer 
could  be  inserted.  I  give  herewith  a  record  of  four  thermometer  read- 
ings taken  through  the  pipe. 

Degrees  F.  D^rees  F. 

February,  1906 199        June,  1907 210 

June,  1907 204        December,  1907 220 

Later  quite  a  large  area  embracing  the  Second  Rise  entry  was  per- 
manently walled  off,  although  no  fire  was  actually  found  in  this  or  any 
other  part  of  the  heated  area. 

We  attempted  to  penetrate  or  get  through  the  heated  area  west  of  the 
slope  with  several  levels,  all  of  which  attempts  were  unsuccessful  and  had 
to  be  abandoned  on  account  of  the  heat.  Finally  we  got  through  it  with 
one  which  is  over  6,000  ft.  in  length,  in  which  we  finally  reached  practi- 
cally normal  temperature  on  the  other  side.  The  following  temperatures 
were  recorded  in  driving  this  entry: 
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Temperatures  Recorded  in  Driving  Sio^h  West  Entry,  Somerset 


Station  396 — from  Main  Slope 


Length, 

Temperature, 

Feet 

Degrees 

2,250 

•  •  • 

2,365 

115 

2,396 

136 

2,460 

138 

2,510 

141 

2,628 

144 

2,804 

138 

2,875 

138 

3,120 

124 

3,375 

109 

3,638 

98 

3,803 

95 

4,488 

92 

4,608 

80 

te -....6,418 

Total  length  of  entry  to  date 


The  highest  temperature  was  recorded  in  April,  1910. 

In  approaching  the  heated  area  in  the  coal  we  kept  drill  holes  ahead  of 
the  face  of  the  entry  and  found  temperatures  as  high  as  220^.  Steam 
under  more  or  less  pressure  escaped  from  the  holes  with  a  whistling 
sound.  We  found  no  evidence  of  explosive  gases  being  given  oflF  in  the 
heated  area.     In  fact,  no  gas  was  found  where  the  greatest  heat  prevailed. 

I  imagine  the  combustion  of  the  coal  under  these  conditions,  at  least 
after  a  heavy  cover  is  reached,  is  flameless.  Of  course,  we  never  reached 
any  point  where  combustion  was  actually  going  on.  At  one  place  we 
extracted  a  large  area  of  pillars  in  the  heated  zone,  and  a  very  marked 
cooling  took  place  after  the  rooms  were  driven  and  while  the  work  of 
drawing  the  pillars  was  going  on.  After  caving  took  place,  however, 
the  temperature  again  rose,  due  probably  to  lack  of  ventilation  and  the 
heat  in  the  rock  both  above  and  below  the  coal  bed.  This  area  was  all 
walled  off  eventually  for  fear  that  spontaneous  combustion  might  take 
place,  the  supposition  being  that  the  old  workings  would  fill  up  with 
black  damp,  which  would  prevent  combustion.  Some  pipes  with  valves 
in  them  were  left  through  the  walls,  but  nothing  in  the  nature  of  black 
damp  was  ever  discovered,  and  I  presume  that  the  gas  discovered  may 
have  been  similar  to  that  described  in  the  paper.  We  never  saw  any  evi- 
dence of  fire  in  the  worked-out  and  walled-off  area  in  the  heated  zone, 
although  the  heat  of  the  strata  in  places  was  over  200®.  In  the  vicinity 
of  Somerset,  in  places  at  least,  I  imagine  the  burning  of  the  outcrop  has 
about  reached  its  limit,  as  the  cover  is  so  great  that  the  cracks  formed  by 
the  caving  of  the  strata  overlying  the  coal  cannot  reach  the  surface.  In 
fact,  I  have  noticed  places  where  the  gas  does  not  escape  any  longer 
through  a  vertical  crack,  but  comes  out  through  a  horizontal  crevice  at 
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the  base  of  a  very  heavy  sandstone  ledge  several  hundred  feet  above  the 
coal  bed,  which  seems  to  indicate  that  no  more  crevices  can  be  formed  in 
the  future  through  which  oxygen  can  be  furnished  for  combustion. 

Our  entry  penetrating  the  heated  area  has  pone  below  and  beyond  this 
point.  I  mean  by  below  further  down  the  dip  of  the  strata  and  of  course 
a  long  distance  below  vertically.*  The  coal  here  is  practically  dry,  and, 
while  I  imagine  that  the  burning  is  in  a  seam  above  the  coal  bed  we  are 
working,  I  know  of  no  reason  why  this  upper  seam,  which  is  presumably 
on  fire,  can  contain  any  more  moisture,  either  chemical  or  mechanical, 
than  the  one  we  are  working.  There  certainly  would  not  be  enough  water 
to  furnish  oxygen  by  disintegration  (if  such  a  thing  is  possible)  to  carry 
on  combustion,  and  apparently  there  is  very  little  water  seeping  in  from  the 
surface,  so  I  take  it  that  the  supply  comes  from  the  outside  where  it  will 
have  very  little  chance  to  reach  the  point  of  burning  hereafter,  as  the 
breaking  and  loosening  of  the  strata  cannot  continue  to  reach  the  surface 
any  longer.  In  fact,  no  vertical  crevices  reach  the  surface  now;  pre- 
sumably they  reach  the  bottom  of  the  heavy  sandstone  ledge  and  from 
there  go  out  horizontally  some  unknown  distance  to  the  surface. 

One  peculiarity  in  the  burning  of  the  coal  seams  which  I  have  noticed 
in  Utah  is  that  there  are  in  places  what  might  be  termed  islands  of  un- 
burned  coal.  In  most,  if  not  in  all,  cases  this  coal  has  lost  considerable 
of  its  volatile  matter  and  has  acquired  more  or  less  of  the  luster  of  anthra- 
cite, but  the  bituminous  coal  structure  has  not  been. destroyed.  Those 
areas  which  I  have  described  as  islands  of  unburned  coal  are  bounded  on 
one  side  by  the  outcrop  and  on  the  other  three  sides  by  a  burned-out 
area  so  as  to  really  isolate  the  island  of  coal  from  the  body  of  the  coal 
field. 

I  know  of  one  case  in  Utah  where  a  mine  opening  was  made  on  quite 
an  extensive  piece  of  apparently  unaflFected  coal,  but  after  the  entries 
had  been  driven  in  200  or  300  ft.  burned  coal  was  encountered,  which  con- 
tinued for  a  distance  of  600  or  700  ft.  I  have  never  observed  a  place 
where  the  eflFect  of  the  burning  has  extended  to  as  great  an  extent  into  the 
unburned  coal  as  Mr.  Bowie  mentions.  In  any  case  where  we  have  run 
up  against  the  burned  coal  in  our  mines  in  Utah  there  was  no  evidence 
of  it  until  we  were  25  or  30  ft.  from  it.  At  our  Sunnyside  mine,  where 
we  make  coke  extensively,  we  have  to  watch  its  coking  quality  carefully 
when  approaching  the  burned  coal,  as  the  coking  qualities  are  affected 
before  there  is  any  change  in  the  coal  that  can  be  discovered  by  ocular 


*  We  have  not  less  than  800  ft.  of  cover  on  this  entry.  We  are  probably  working 
under  a  heavier  cover  than  any  other  coal  mine  in  the  United  States.  A  point  at 
the  surface,  the  elevation  of  which  is  definitely  determined,  is  2,500  ft.  above  the  level 
of  the  coal  bed  at  a  point  about  400  or  600  ft.  beyond  the  present  face  of  one  of  the 
levels  in  the  mine.  A  Bulletin  of  the  Department  of  Mines,  published  a  couple  of 
years  ago,  gives  2,200  ft.  as  the  deepest  coal  being  worked  in  the  United  States. 
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examination;  still  we  find  coal  possessing  its  full  coking  quality  within  50 
ft.  of  where  the  seam  or  part  of  it  has  been  actually  burned  out.  A  fault 
or  fracture  line,  however,  may  carry  the  effect  of  the  burning  coal  a  con- 
siderable distance  farther;  we  have  found  places  where  the  gases  from 
combustion  have  condensed  and  penetrated  all  the  fracture  planes  of  the 
coal  and  left  the  most  beautiful  analine  dye  stains  imaginable,  arranged 
in  streaks  shading  off  irregularly  one  into  the  other. 

Alexander  Bowie  (communication  to  the  Secretary*). — The  belief 
of  Mr.  Williams  that  the  fire  at  the  Somerset  mine  is  in  a  coal  bed  above 
the  one  now  being  mined  is  possibly  correct,  but  that  phase  of  the  question 
must  remain  a  matter  of  opinion  until  we  have  more  evidence  than  we  now 
have  on  the  subject. 

His  statement  that  ''where  we  ran  up  against  the  burned  coal  in  our 
mines  in  Utah  there  was  no  evidence  of  it  until  we  were  25  or  30  ft.  from 
it"  coincides  with  the  experience  we  had  on  the  west  side  of  the  Juanita 
Co.'s  King  mine.  My  statement  describing  the  peculiar  condition  of  the 
coal  next  the  outcrop  should  be  modified  by  stating  that  it  applied  to  the 
ground  developed  by  the  main  entry  and  the  region  east  of  it,  and  not  to 
the  west  side  of  the  mine.  The  seam  of  coal  smut  on  the  east  side  of  the 
mine  which  we  found  5§  ft.  above  the  seam  we  are  now  working,  and 
which  we  believe  to  be  a  partly  burned  coal  bed  that  was  responsible  for 
the  peculiar  condition  of  the  coal  below  it,  does  not  exist  on  the  west  side 
of  the  mine. 

Even  if  we  assume  that  we  are  correct  in  the  supposition  that  the  heat 
generated  by  the  coal  bed  of  which  the  smut  is  the  residue  was  the  cause 
of  the  deterioration  of  the  coal  bed  we  are  working,  it  does  not  necessarily 
follow  that  we  should  have  the  same  result  at  Somerset  from  the  burning 
of  an  upper  bed,  as  it  is  quite  possible  that  a  coal  bed  might  be  on  fire 
above  the  one  being  mined,  and  near  enough  to  give  it  a  great  deal  of  heat, 
but  too  far  away  to  affect  the  physical  characteristics  of  the  coal. 


*  Received  June  4, 1914. 
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To  What  Extent  is  Chalcocite  a  Primary,  and  to  what  Extent  a  Secondary, 

Mineral  in  Ore  Deposits 

A  discussion  at  the  New  York  Meeting,  February,  1914 

L.  C.  Graton,  Cambridge,  Mass. — The  subject  of  chalcocite  occur- 
rence and  its  geological  significance  has,  of  course,  a  very  important 
commercial  bearing,  as  shown  by  the  recent  remark  of  a  hard-headed 
mining  man:  "This  secondary  enrichment  business  is  one  thing  you 
geologists  have  put  up  which  we  can  hang  on  to,  and  come  out  right." 

Most  enrichments  of  copper  ores  depend  upon  the  formation  of 
chalcocite  from  leaner  sulphides.  Recently  it  has  been  shown  that  not 
only  does  there  exist  this  secondary  or  derived  chalcocite,  but  that  in 
certain  ores  the  mineral  is  present  as  an  initial  or  original  constituent, 
which  therefore  we  may  call  primary.  The  desirability  of  distinguishing 
between  these  two  kinds  of  chalcocite  is  evident  and  has  recently  been 
emphasized.  That  constitutes  the  first  problem  in  this  connection.  I 
believe  many  who  are  working  upon  secondary  enrichment  of  mineral 
deposits  are  giving  much  attention  to  that  particular  question. 

It  is  now  possible  to  distinguish  primary  from  secondary  chalcocite 
in  many  cases.  In  such  cases,  what  do  we  know  of  the  conditions  under 
which  this  secondary  or  derived  chalcocite  was  formed?  This  is  the 
second  main  question  in  connection  with  the  subject.  It  is  now  plain, 
at  least  in  many  instances,  that  the  formation  of  this  derived  chalcocite 
represents  a  phase  of  oxidation  if  we  have  in  mind  the  primary  ore  as  the 
thing  acted  upon.  The  next  important  question — and  it  is  most  impor- 
tant— is:  does  such  oxidation  go  on  above  the  zone  where  the  rocks  are 
saturated  with  water — that  is,  above  the  water  level — or  below,  or  indis- 
criminately above  and  below? 

Many  of  you  have,  or  have  had,  opportunities  to  study  at  first  hand^ 
day  after  day,  occurrences  that  enable  valuable  conclusions  to  be  drawn 
upon  these  and  other  important  questions  concerning  the  formation  and 
significance  of  chalcocite.  It  is  greatly  to  be  hoped  that  your  testimony 
will  be  made  available  and  undoubtedly  it  will  go  far  toward  clearing  up 
some  of  these  doubtful  points. 

John  D.  Irving,  New  Haven,  Conn. — A  short  time  before  this  meetr 
ing  was  called,  H.  V.  Winchell,  who  was  unable  to  be  present,  requested 
me  to  exhibit  and  describe  these  two  samples  of  pyrite.  (Exhibiting 
specimens.)  They  consist  of  fragments  of  pyrite  inclosed  in  two  small 
bottles.  The  first  bottle  shows  fragments  of  pyrite  which  were  immersed 
in  water  carrying  copper  sulphate  but  without  SO2  for  a  period  of  two 
years.  They  remained  comparatively  clear  and  bright.  No  chalcocite 
has  been  deposited  on  them.    The  second  bottle  shows  fragments  of 
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pyrite  which  were  immersed  in  a  solution  in  every  way  similar  except  that 
it  was  saturated  with  SOj.  Immersion  was  for  a  period  of  one  year.  On 
removing  the  pyrite  it  was  found  to  be  coated  with  gray  metallic  chalco- 
cite.  The  coating  covers  all  parts  of  the  pyrite  grains,  so  that  unless  the 
grains  are  broken  or  scratched  they  appear  to  be  solid  chalcocite. 

Members  of  the  Institute  may  recall  that  in  1903  Mr.  Winchell  con- 
tributed an  article^  in  which  he  described  certain  experiments  in  the  pre- 
cipitation of  chalcocite  by  pyrite  from  mine  waters,  The  specimens 
which  have  been  exhibited  are  those  of  the  pyrite  which  was  used  in  the 
original  experiments  described  by  Mr.  Winchell.  The  portion  of  his 
paper  which  deals  with  these  experiments  is  found  on  pages  272  to  275  of 
the  article  above  mentioned.  In  order  that  the  meaning  of  the  specimens 
may  be  clear  to  the  members  the  following  paragraphs  are  quoted  from 
Mr.  Winchell's  paper: 


"  Artificial  Formation  of  Chalcocite  " 


€t 


'After  considering  the  geological  history  and  physical  structure  of  these  ore 
deposits,  the  writer  came  to  the  conclusion  some  three  .years  ago  that  the  copper 
glance  was  formed  by  a  chemical  reaction  between  copper  sulphate  in  solution  in 
descending  waters  and  the  iron  pjrrites  and  other  primary  sulphide  minerals  lying 
below.  In  order  to  ascertain  the  truth  or  falsity  of  this  theory,  laboratory  experi- 
ments were  undertaken  by  the  writer  and  carried  on  by  Messrs.  S.  J.  Gormly  and  C.  F. 
Tolman  in  the  laboratories  of  the  Anaconda  Copper  Mining  Company. 

"The  first  experiments  were  conducted  with  a  relatively  small  amount  of  cuprif- 
erous pyrite  and  a  dilute  solution  of  copper  sulphate.  The  results,  as  reported,  show 
the  formation  first  of  SOi  and  then  of  HjSOi;  the  solution  of  both  copper  and  iron  and 
the  precipitation  of  the  iron  as  ferric  hydrate,  and  the  formation  of  copper  sulphide. 
"Analyses  of  the  mine  waters  showed  no  ferrous  salt  in  the  strong  copper  water, 
but  discloeed  the  presence  of  quantities  of  cuprous  salts,  in  acid  solution. 

"The  experiments  repeatedly  showed  that  SOi  is  formed  by  the  action  of  pyrite 
and  chalcopyrite  upon  CUSO4,  and  that  the  SOi  reduces  some  of  the  copper  ions  of  the 
CUSO4  to  the  cuprous  form .  According  to  theoretical  chemistry,  a  relatively  insoluble 
compound  may  be  precipitated  by  very  small  amounts  of  a  salt  containing  one  of  the 
ions  of  the  insoluble  compound,  if  a  large  amount  of  the  salt  containing  the  other  ion 
is  present.  To  test  this,  a  solution  of  copper  sulphate  was  treated  with  the  sulphides 
of  arsenic,  lead,  copper,  iron,  zinc,  and  with  pyrite;  and  in  each  case  copper  sulphide 
was  precipitated,  proving  that  these  sulphides  may  precipitate  copper  sulphides  from 
a  solution  of  a  copper  salt.  It  is  probable  also  that  the  more  insoluble  the  precipi- 
tating sulphide,  the  more  concentrated  must  be  the  solution  of  copper  sulphate. 

"To  produce  a  solution  containing  cuprous  ions,  the  above  mentioned  sulphides 
were  treated  with  a  solution  of  copper  sulphate  (CuSOi)  and  SOt,  and  precipitates 
were  formed  in  each  instance.  An  analysis  of  the  precipitate  formed  by  copper 
sulphide  showed  a  precipitation  of  12  per  cent,  of  the  weight  of  the  original  CuS  as 
CusS,  indicating  the  formation  of  chalcocite  under  these  conditions. 

*  Synthesis  of  Chalcocite  and  Its  Genesis  at  Butte,  Montana.  Bidletin  of  the 
Geological  Society  of  America,  vol.  xiv,  pp.  269  to  276  (1902);  also  Enginering  and 
Mining  Journal,  vol.  Ixxxiv,  No.  23,  pp.  1067  to  1070  (Dec.  7,  1907). 
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"It  was  not  ascertained  whether  the  iron  salts  will  reduce  enough  copper  to  form 
CusS  in  presence  of  pyrite  or  other  sulphides,  or  whether  the  SO2  formed  by  solution 
of  the  pyrite  and  other  sulphides  is  the  active  agent. 

"I^owing  full  well  that  it  might  be  urged  that  the  formation  of  a  precipitate  of  a 
certain  chemical  composition  is  qiute  a  di£Ferent  matter  from  the  production  of  a 
mineral  having  the  same  composition,  the  experiment  now  about  to  be  briefly  described 
was  undertaken  and  carried  to  completion  with  exceedingly  gratifying  and  satisfactory 
results. 

"In  a  slightly  acid  solution  containing  sulphurous  anhydride  (SO2)  was  digested 
pyrite  (FeSt)  at  ordinary  temperature  and  pressure  for  three  months.  The  p3nrite 
taken  was  ordinary  'jig  concentrates/  about  one-fourth  of  an  inch  in  diameter,  from 
the  Parrot  concentrator  at  Butte,  and  of  the  following  composition : 

SO, 8.30 

CaO Trace 

MnO None 

Fe 41.20 

Cu 1.50 

Zn 0.20 

S 48.70 


99.90 


'^  Dividing  these  results  by  the  molecular  weights,  the  molecular  constitution  is 
represented  as  follows : 

Fe 0.736 

Cu 0.024 

Zn 0.003 

S 1.522 

"After  standing  for  three  months  in  an  ordinarily  well  lighted  room,  inclosed  in  a 
sealed  jar  to  exclude  the  atmosphere,  the  formerly  yellow  grains  of  pyrite  were  com- 
pletely plated  with  a  solid  coating  of  a  dark  blue-black  mineral,  and  so  closely  resemble 
grains  of  solid  chalcocite  that  they  can  only  be  distin^ished  from  the  latter  by  break- 
ing them  open,  while  in  another  jar  which  stood  alongside,  similarly  sealed  and  exposed 
to  light  and  ordinary  temperature,  containing  pyrite  and  copper  sulphate,  solution 
(but  no  SOj),  the  grains  of  pyrite  were  just  as  bright  and  yellow  as  before  they  were 
immersed.  Indeed,  there  has  been  no  visible  alteration  on  the  surface  of  grains  which 
have  now  been  thus  immersed  in  copper  sulphate  without  SOs  for  two  years,  while  in 
an  adjacent  jar  containing  SOi  there  has  been  formed  what  appears  to  be,  and  un- 
doubtedly is,  a  fine  coating  of  chalcocite. 

"  From  the  first  jar  there  were  taken  some  of  the  larger  grains  for  analyses,  with 
results  as  follows: 

SiO, 9.00 

CaO 

MnO 

Fe 40. 10 

Cu 3.00 

Zn 

S 43.60 


99.60 
CaO,  MnO  and  Zn  not  determined 
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"The  molecukr  constitution  is  now  Fe,  0.716;  Cu,  0.057,  and  S,  1.44S.  There 
are  .016  equivalents  of  sulphur  left  over  (after  calculating  the  iron  as  FeSt)  to  unite 
with  the  copper.  The  exact  theoretical  amount  to  form  CusS  is  .014,  and  the  surplus 
sulphur  may  be  combined  with  sine,  lime,  or  manganese.  That  the  mineral  coating 
thus  formed  on  the  jig-concentrates  is  clearly  chalcocite  can  not  be  doubted  from  a 
mer%  inspection  of  the  samples  and  oomparisoll  with  ore  from  the  mines." 

So  much  has  been  said  in  discussions  on  secondary  chalcocite  concern- 
ing the  prevalence  of  a  black  powder,  or  what  is  commonly  known  as 
"sooty  chalcocite,"  that  Mr.  Winchell  desires  to  call  the  attention  of  the 
members  to  the  fact  that  the  chalcocite  secured  in  his  experiments  was 
not  of  the  sooty  variety,  but  rather  of  the  usual  gray  variety  with  metallic 
luster.  It  forms,  as  may  be  seen  in  the  sample  which  stood  for  a  long 
time  in  water  carrying  an  excess  of  SOs,  a  thin,  glistening,  grayish  coating 
on  the  outside  of  the  pyrite  and  bears  no  resemblance  to  the  usual  **  lamp 
black"  variety. 

While  the  "sooty"  type  is  therefore  to  be  considered  as  secondary,  the 
gray  massive  variety  may  likewise  originate  in  the  same  manner. 

Thobias  T.  Read,  New  York,  N.  Y. — In  1905  I  did  some  experimen- 
tal work  along  much  the  same  lines  as  that  which  Mr.  Winchell  has  done, 
because  it  was  so  obviously  of  great  significance,  and  found  that  the 
presence  of  SOa  was  apparently  exceedingly  effective  in  bringing  about  this 
condition.  The  action  was  not  at  all  marked  in  th&  absence  of  SO2,  but 
where  the  SO2  was  present  it  was  very  marked. 

A  difficulty  in  drawing  conclusions  from  this  fact,  however,  is  that 
W.  H.  Emmons  reports  that  he  has  been  unable  to  detect  the  presence  of 
SO2  in  mine  waters.  Geologists  commonly  regard  SO2  as  areducing  agent, 
possibly  because  SO2  is  the  agent  in  which  we  used  to  reduce  gold  chlo- 
ride in  the  laboratory,  in  order  to  precipitate  gold.  But  SO2  is,  ob- 
viously, exceedingly  rich  in  oxygen,  and  toward  FeSi  might  act  as  a  fairly 
strong  oxidizing  agent.  That  induced  me,  at  that  time,  in  a  paper  pre- 
sented to  the  Institute,  to  suggest  that  the  action  of  copper  sulphate  on 
the  sulphides  is  ascribable  to  ordinary  oxidation  and  that  secondary 
sulphides  might  be  considered  to  be  oxidation  products,  just  as,  for  ex- 
ample, in  the  copper  converter,  from  a  sulphide  which  is  quite  low  in 
copper  you  can,  by  oxidation,  get  one  which  is  high  in  copper.  The 
rich  sulphides  of  copper  may  be  and  in  some  cases  doubtless  are  due 
simply  to  the  effects  of  oxidation  on  lean  sulphides. 

L.  C.  Graton. — In  connection  with  the  synthetic  production  of  chal- 
cocite, it  may  be  pointed  out  that  results  like  those  in  which  Messrs. 
Winchell  and  Reed  produced  coatings  on  the  primary  sulphides,  are 
indeed  positive,  but  that  negative  results,  such  as  their  failure  to  secure 
such  reactions  without  the  presence  of  SO2,  cannot  be  relied  upon  with 
entire  safety  as  indicating  that  in  nature  some  reducing  agent  like  SO2  is 
required  for  the  operation  of  the  secondary  enrichment  process.    The 
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function  of  time  in  a  process  of  this  sort  as  carried  on  in  nature  must  be 
given  due  consideration  and  it  may  very  well  be  that  a  chemical  reaction 
which  exhibits  no  measurable  progress  during  a  period  of  a  few  weeks  or 
months  or  years  might  advance  to  a  very  important  degree  in  the  course 
of  a  short  time  as  measured  in  geologic  units.  • 

It  is  of  interest  to  note  that  the  chemists  of  the  Geophysical  Labora- 
tory of  the  Carnegie  Institution  in  Washington,  who  have  been  at  work 
for  something  over  a  year  on  the  general  problem  of  the  copper  sulphides, 
have  sought  to  steam  up  or  intensify  the  processes  of  nature  by  agitation 
and  by  increased  temperatures  but  without  increasing  the  concentration 
of  the  solutions  over  those  of  the  natural  reagents.  Under  these  circum- 
stances it  is  possible  to  produce  measurable  results  in  probably  much 
shorter  time  than  nature  would  have  required.  The  pai'ticular  point  of 
interest  in  this  connection  is  that  by  treating  pure  pyrite  with  a  dilute 
acidified  solution  of  cupric  sulphate,  they  have  been  able  to  secure  coat- 
ings of  a  substance  which  both  chemical  and  microscopic  analysis  shows 
to  be  actually  chalcocite — and  this  without  the  intervention  of  any  reduc- 
ing agent,  or  at  least  any  other  reducing  agent  than  the  original  sulphur- 
rich  sulphide,  itself — viz.,  pyrite. 

Professor  Kemp,  I  believe,  was  the  first  to  suggest  that  the  excess 
sulphur  in  the  mineral  attacked,  such  as  pyrite,  pyrrhotite,  etc.,  might  be 
responsible  for  the  evident  reduction  of  the  copper  sulphate  to  sulphide. 
If  one  grants  that  the  copper  to  produce  enrichment  has  come  from  over- 
lying portions  in  the  form  of  sulphate,  its  ultimate  precipitation  as  sul- 
phide can  be  brought  about  in  no  other  way  then  by  chemical  reduc- 
tion, if  one  has  in  mind  the  copper  so  precipitated;  if,  on  the  other  hand, 
one  thinks  of  the  primary  sulphides  acted  upon,  the  process  is  one  of 
oxidation. 

The  axiomatic  fact  that  no  oxidation  can  take  place  without  equal 
reduction  appears  to  have  been  temporarily  overlooked  by  some  in  the 
discussion  of  this  subject.  The  secondary  deposition  of  chalcocite,  there- 
fore, may  be  called  the  result  of  either  oxidation  or  reduction,  depending 
on  the  viewpoint.  But  since  the  ultimate  reagents  involved  are  the  at- 
mosphere and  the  original  primary  sulphides,  and  since  we  are  accustomed 
to  think  of  the  changes  experienced  by  the  latter  rather  than  by  the  for- 
mer, it  follows  that  the  development  of  chalcocite  as  an  intermediate 
step  in  the  reaction  may  most  naturally  be  regarded  as  due  to  oxidation. 

Another  topic  has  been  mentioned  upon  which  I  should  like  to  say  a . 
word,  and  that  is  the  matter  of  sooty  chalcocite.  My  experience  to  date 
leads  to  the  belief  that  sooty  chalcocite  may  as  well  be  produced  from 
primary  chalcocite  as  from  secondary  chalcocite,  provided  it  comes 
within  the  reach  of  the  oxidizing,  disintegrating  influences  near  the  surface. 
The  original  precipitation  or  beginnings  of  precipitation  of  secondary 
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chalcocite  upon  pyrite,  as  may  be  best  studied  in  the  case  of  a  definite 
pyrite^crystal  undergoing  conversion  to  chalcocite  at  its  surface,  produces 
a  coating  that  always,  so  far  as  I  have  observed,  is  of  dense,  massive 
chalcocite — the  steely  chalcocite  or  glance  of  the  miner;  and  so  long  as 
chalcocite  continues  to  form,  it  is  of  this  massive,  steely  variety.  If, 
however,  the  conditions  favoring  the  deposition  of  chalcocite  cease  and 
oxidation  or  solution  of  the  chalcocite  begins  to  ensue,  then  around  the 
edges  of  the  individual  chalcocite  grains  decomposition  or  solution  goes  on, 
the  individual  grains  are  reduced  in  size,  and  the  whole  mass  becomes 
lusterless  and  incoherent,  just  as  a  cake  of  ice  becomes  dull  and  crumbly 
when  left  in  tfie  sun.  This  dull,  friable,  decomposing,  and  disintegrating 
material  is,  in  reality,  the  so-called  ''sooty"  chalcocite. 

In  the  paper  on  the  New  London  mine,  Maryland,  now  offered  for 
publication  in  the  Institute  records  by  B.  S.  Butler  and  H.  D.  McCaskey, 
of  the  U,  S.  Geological  Survey,  it  is  interesting  to  note  that  they  find  pri- 
mary chalcocite  and  bornite  associated  in  a  manner  similar  in  all  essential 
respects  to  that  now  known  at  various  places  in  the  Piedmont  Plateau 
r^ion.  This  reference  perhaps  affords  an  opportune  occasion  to  modify 
certain  conclusions  r^arding  primary  chalcocite  stated  by  Mr.  Murdoch 
and  myself^  at  the  meeting  a  year  ago.  In  one  instance  was  described 
what  we  regarded  as  primary  chalcocite  in  the  ores  of  Bisbee.  There 
was  but  little  of  the  mineral  present  in  the  material  we  studied,  but  at  the 
time  the  evidence  seemed  satisfactory.  Since  then,  in  that  identical 
material,  we  have  found  in  the  chalcocite  exceedingly  minute  residues  of 
bornite  distributed  in  such  fashion  and  showing  such  character  as  to  leave 
practically  no  doubt  that  the  chalcocite  had  been  derived  from  bornite, 
that  it  was,  therefore,  secondary  and  not  primary,  and  presumably  had 
been  produced  in  the  ordinary  course  of  enrichment.  We  also  stated  our 
belief  that  the  chalcocite  of  the  Bonanza  mine,  in  Alciska,  is  primary;  that 
is,  the  result  of  initial  deposition.  Very  recently,  in  going  over  the  same 
mat^ial  upon  which  we  reached  that  conclusion,  we  find  there  also  ex- 
ceedingly minute  and  possibly  doubtfully  identified  bornite,  but  sufficient 
to  raise  the  same  doubt  as  to  the  character  of  the  chalcocite,  and  this 
doubt  is  somewhat  strengthened  by  the  finding,  in  material  taken  from 
about  the  deepest  workings  of  that  mine,  bornite  in  considerable  abun- 
dance, altering  to  chalcocite  and  chalcocite-pyrite,  with  smaller  amounts 
of  some  other  minerals.  So  our  minds  are  very  much  unsettled  as  to  the 
nature  of  the  Bonanza  chalcocite,  and  we  are  a  little  inclined  to  fear  that 
our  earlier  conclusion  r^arding  it  may  be  erroneous. 

P.  L.  Ransome,  Washington,  D.  C. — I  wish  to  express  my  agreement 
with  Professor  Graton  that  much  of  the  so-called  sooty  chalcocite  is  a 
disintegration  product  of  the  ordinary  chalcocite  with  bright  metallic 
luster;  but  some  caution  should  be  exercised  in  the  interpretation  of  the 

>  J^ans.,  zlv,  26  (1013). 
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term  " Booty  chalcocite^'  as  found  in  literature.  In  a  mass  of  fine-grained 
friable  pyrite  that  has  undergone  partial  change  to  chalcocite,  each  grain 
is  coated  with  chalcocite  and  each  little  coating,  examined  microscopically, 
may  be  lustrous  dense  chalcocite.  Yet  the  general  appearance  of  the 
whole  is  that  of  a  dull  black,  friable  material.  Much  of  the  sooty  chal- 
cocite referred  to  in  literature  is  material  of  this  sort. 

Waldemab  Lindgren,  Boston,  Mass. — I  want  to  say  that  we  are 
accimiulating  new  observations  so  fast  we  are  in  danger  of  forgetting 
some  of  the  old  ones.  The  other  day  I  came  across  something  I  suppose 
every  mineralogist  knows  perfectly  well,  and  that  I  think  most  mining 
geologists  have  forgotten — although  they  knew  it  at  one  time — and  that 
is  that  beautiful  crystalline  chalcocite  occurred  at  the  Bristol  mine,  in 
Connecticut,  formerly  the  greatest  producer  in  the  United  States — that  is 
also  news  to  you.  Specimens  of  these  ores  which  are  in  the  Massachu- 
setts Institute  of  Technology,  and  I  i^uppose  they  are  in  other  places,  show 
perfectly  clearly,  as  far  as  my  examination  has  gone,  primary  chalcocite 
in  beautiful  crystals,  and  primary  beyond  any  reasonable  question. 

In  the  hunt  for  primary  chalcocites  that  occurrence  seems  to  be  over- 
looked, and  I  thought  I  would  call  attention  to  it,  in  case  it  should  happen 
that  anybody  knows  anything  about  the  occurrence,  who  has  studied  it. 
I  think  it  is,  except  the  crystals  from  Cornwall,  of  which  I  do  not  know 
much  personally,  the  most  beautiful  and  sharply  crystallized  chalcocite 
that  has  ever  been  found. 

James  F.  Kemp,  New  York,  N.  Y. — At  the  meeting  of  the  Geological 
Society  this  winter,  in  Princeton,  Professor  Van  Hise,  of  the  Chase 
Scientific  School,  exhibited  some  crystals  of  bomite  that  only  two  or  three 
of  us  had  ever  seen,  and  they  also  came  from  the  Priestly  mine,  in  Con- 
necticut. I  do  not  know  whether  we  are  justified  in  saying  that  there  is  an 
association  of  bornite  and  chalcocite,  just  at  the  moment,  but  this  asso- 
ciation seemed  to  hold  good.  Bomite  is  a  rare  thing  to  find  in  crystals, 
although  common  enough  in  mass  form.  Chalcocite,  likewise,  we  seldom 
get  in  crystals,  but  the  forms  that  were  obtained  from  Priestly,  Conn., 
were  mentioned  in  the  earlier  mineralogy  of  this  country,  as  to  the  forms 
of  chalcocite.  It  would  be  intleresting  if  Professor  Ransome  can  develop 
some  new  matter  from  these  old  forgotten  sources  of  copper. 
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The  Origin  of  fhe  "Garnet  Zones''  and  Associated  Ore  Deposits 

BT  WALDBMAR  UNDGBBN,  BOSTON,  1CAB8. 

(New  York  Meeting.  February,  1914) 

DuBiNG  the  last  15  years  much  attention  has  been  given  to  the 
"contact-metamorphic"  ore  deposits  which  mainly  occur  in  limestone 
close  to  intrusive  contacts.  In  general,  these  deposits  are  characterized 
by  the  association  of  magnetite  and  simple  sulphides  with  the  so-called 
''contact-metamorphic"  silicates.  These  silicates  comprise  garnet, 
epidote,  vesuvianite,  tremolite,  woUastonite,  diopside,  hedenbergite, 
ilvaite,  and  many  other  rarer  forms.  The  contact-metamorphie  zones 
contain  also  in  places  minerals  with  boron,  fluorine,  and  chlorine,  like 
axinite,  tourmaline,  danburite,  fluorite,  and  scapolite.  There  is  also  more 
or  less  quartz  and  coarsely  recrystallized  calcite.  The  simple  sulphides 
embrace  pyrite,  pyrrhotite,  chalcopyrite,  galena,  zincblende,  more 
rarely  arsenopyrite.  On  the  whole,  sulphantimonides  and  sulph- 
arsenides  are  rare.  Deposits  of  magnetite  or  chalcopyrite  or  of  both 
are  most  common. 

The  deposits  have  an  irregular  or  rudely  tabular  form,  following 
main  contacts,  dike  contacts,  or  stratification  planes;  they  rarely  extend 
for  more  than  1,500  or  2,000  ft.  from  the  contact;  far  more  commonly 
they  only  reach  a  distance  of  a  few  himdred  feet  from  that  surface.  The 
deposits  are  usually  formed  by  replacement  of  limestone,  or  allied  cal- 
careous rock.  Apparently  they  are  found  both  in  relatively  pure  and  in 
impure  carbonate  rock. 

The  deposits  are  geological  bodies  of  a  chemical  and  mineralogical 
character  differing  greatly  from  the  adjoining  intrusive  rock  and  from  the 
unaltered  limestone.  They  are  rich  in  silica  and  iron,  with  more  or  less 
of  lime,  magnesia,  alumina,  sulphur,  and  rarer  metals  like  copper.  The 
so-called  contact-metamorphic  silicates  which  form  the  gangue  usually 
are  coextensive  with  the  metallic  minerals,  though  of  course  not  neces- 
sarily with  the  merchantable  ore.  All  opinions  agree  in  holding  the 
deposits  of  epigenetic  origin,  later  than  the  inclosing  limestone. 

Regarding  the  origin  of  the  metals  and  the  genesis  of  the  ores  there  are 
several  opinions. 

1.  There  are  those  who  see  in  these  deposits  the  result  of  concentration 
of  material  contained  in  the  intrusive  rocks  by  means  of  hot  circulating 
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waters  of  atmospheric  origin;  the  circulation  established  being  upward  on 
the  periphery  of  the  hot  mass. 

''The  heated  ground  water  would  be  quite  competent  to  do  all  that  is  ascribed  to 
magmatic  waters,  including  the  formation  of  lime-silicate  zones." ^ 

Among  the  minority  who  still  cling  to  this  view  I  find  Professor  Lawson. 
The  latter,  writing  with  his  customary  well-sharpened  pen,  describes  the 
magmatic  theory  of  these  deposits  as  "one  of  the  fashionable  vagaries  of 
our  time,  not  entitled  to  serious  respect  as  a  scientifically  established 
theory."*  I  am  inclined  to  hope  that  Professor  Lawson  has  already 
changed  this  view.  If  he  has  not  I  am  sure  he  will  before  long,  especially 
if  he  should  undertake  a  somewhat  careful  study  of  a  considerable  number 
of  the  contact-metamorphic  deposits  in  the  Southwest  and  in  Mexico. 

In  the  first  place,  these  deposits  are  "high  temperature"  deposits. 
The  character  of  the  gangue  minerals  shows  that  they  were  formed  at 
considerable  depth — ^some  well  within  the  zone  of  fracture,  perhaps  only 
4,000  ft.  below  the  surface — others  deep  down  in  the  region  where 
fracturing  must  be  considered  impossible.  In  both  cases  the  essential 
characteristics  are  the  same.  According  to  our  best  information  the 
lowest  temperature  at  which  garnets,  diopside,  etc.,  may  form  is  about 
400^  or  600°  C.  In  view  of  the  well-grounded  attacks  lately  made  upon 
the  theory  of  the  deep  circulation  of  atmospheric  waters  it  devolves  upon 
the  supporters  of  the  view  set  forth  under  (1)  to  explain  the  possibility 
of  such  a  circulation  upward  along  the  contact  at  temperatures  of  from 
300°  to  1,000°  C.  The  Daubr6e  experiment  will  really  not  suffice  any 
more  as  an  explanation.' 

I  shall  try  to  make  the  real  position  of  the  leaching  theory  a  little 
clearer :  The  metals,  etc.,  were  extracted  from  the  intrusive  rock — that  is, 
from  a  hot  body  having  a  temperature  of  from  500°  to  1,500° — and  de- 
posited in  the  adjacent,  cooler  sediments,  say  at  temperatures  from 
300°  to  1,000°  C.  Consequently  the  circulation  of  the  atmospheric  waters 
would  really  take  place  in  a  lateral  direction  and  not  simply  along  the 
contact  as  maintained  by  Lawson.  The  silicates  present  in  the  contact 
zone  prohibit  the  assiunption  of  concentration  at  lower  temperatures. 

No  one  who  has  observed  many  deposits  of  this  kind  can  fail  to  be 
impressed  with  the  fact  that  the  ores  are  generally  foimd  at  limestone 
points  projecting  into  the  intrusive  mass,  or  in  slabs  of  limestone  swim- 
ming in  the  igneous  rock.  It  is  difficult  to  see  why  the  circulating 
atmospheric  waters  should  seek  such  places  by  preference.     In  many 

^  Lawson,  A.  C. :  Mining  and  Scientific  PreaSf  vol.  civ,  No.  5,  p.  201  (Feb.  3,  1912) . 

*Loc.  cU. 

*  Johnson,  John,  and  Adams,  L.  H. :  Observations  on  the  Daubr^e  Experiment  and 
Capillarity  in  Relation  to  Certain  Geologic  Speculations,  Journal  of  Geology,  vol.  xxii, 
pp.  1  to  15  (1913). 
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deposits^there  is  no  evidence  of  fractures  or  paths  which  could  have  been 
followed  by  the  water. 

Inevitably,  such  a  hydrothermal  circulation  as  is  suggested  by 
Professor  Lawson  would  result  in  a  strong  alteration  of  the  intrusive. 
In  many  instances  there  is  no  such  evidence  of  replacing  solutions. 
Fresh  granitic  rock  often  borders  the  ore. 

Mineralized  later  fractures  may,  however,  cross  these  contact  de- 
posits and  then  the  intrusive  rock  may  be  hydrothermally  altered, 
'  but  this  does  not  prove  that  this  is  caused  by  atmospheric  waters.  It  is 
clear,  of  course,  that  thermal  metamorphism  is  not  denied  by  Lawson; 
and  he  also  admits  a  so-called  ''reactionary  metamorphism  wherein  the 
changes  are  due  to  reaction  between  the  encasing  rocks  and  the  materials 
emanating  from  the  intruding  mass."^  Thus  for  instance  he  would 
class  the  hornfels  of  Clifton  and  that  from  the  Kristiania  region  as  the 
result  of  thermal  metamorphism.  But  the  overlying  limestone  when  it 
contained  andradite  and  magnetite  and  sulphides  would  be  a  product  of 
circulating  "atmospheric  waters.    Truly  an  odd  position  to  defend ! 

It  has  been  asserted  that  these  deposits  are  exceptional  cases,  because 
they  do  not  occur  along  all  contacts  or  along  the  same  contact.  The 
answer  to  this  is  that  the  economically  valuable  deposits  are  exceptional 
but  the  mineralizaiion  is  not,  as  one  often  can  ascertain  by  carefully 
following  one  of  these  contacts. 

2.  There  is  another  school,  of  which  C.  K.  Leith  is  perhaps  the  most 
prominent  exponent.  These  men  do  not  by  any  means  deny  the  actuality 
of  emanations  from  the  magma,  but  hold  that  the  silicate  gangue  minerals 
are  mainly  the  result  of  a  recrystallization  of  constituents  originally 
contained  in  the  limestone,  like  calcium,  magnesium,  iron,  aluminum, 
and  silica.  This  involves  of  course  a  great  reduction  of  volume  since  the 
latter  three  constituents  are  usually  subordinate  in  limestones,  the  re- 
moval of  a  great  deal  of  material,  and  a  compression  obliterating  structures 
and  textures.  The  additions  from  the  magma  are  laid  mainly  to  a  late 
stage  during  which  the  silicates  containing  mineralizers  and  the  iron  ores 
were  introduced.  "The  metallic  minerals  may  be  either  direct  contribu- 
tions from  the  magma,  or  hot  water  deposits  resulting  from  the  working 
over  of  the  hot  intrusives."*  No  statement  is  made  as  to  the  derivation 
of  this  water  but  atmospheric  waters  are  probably  meant. 

Much  effort  has  been  expended  in  attempting  to  prove  the  first  part 
of  the  proposition:  namely,  the  development  of  the  silicates  by  a  reduction 
of  volume  of  the  limestone  amounting  to  40  to  80  per  cent.  The  last 
paper  with  this  end  in  view  has  been  contributed  by  W.  L.  Uglow,*  who 
endeavors  to  show  by  comparison  of  analyses  of  fresh  and  altered  lime- 

^Loc*  cU. 

■  Economic  Geology ,  vol.  viii,  No.  1,  p.  26  (Jan.,  1913). 

•  Idem,  vol.  viii,  Nos.  1  and  3  (1913). 
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stones  that  the  ratio  of  silica  to  alumina  and  ferric  oxide  is  constant. 
The  analytical  material  is  evidently  insufficient,  especially  as  several  of 
his  analyses  of  ''fresh"  limestones  already  contain  silicates.  That  no 
such  constancy  is  shown  has  been  clearly  pointed  out  by  C.  A.  Stewart.^ 

Few  of  the  analyses  have  separate  determinations  of  Fe  and  Al  in  the 
unaltered  limestone.  Were  such  determinations  available  I  suspect  that 
the  non-constancy  in  the  ratio  Al:Fe  would  be  still  more  apparent.' 

Mr.  Uglow  also  attempts  a  general  critique  of  the  literature  and 
theory  of  contact-metamorphism  deposits,  but  in  this  he  is  evidently ' 
handicapped  by  lack  of  field  experience. 

The  main  argument  of  the  supposition  of  the  "residuary  crystalliza- 
tion" theory  is  that  the  impure  limestones  with  much  silica  are  the  ones 
which  yield  the  contact-metamorphic  silicates.  This  is  of  course  largely 
a  question  of  facts.  .  Evidence  that  cannot  easily  be  refuted  has  been 
introduced  to  show  that  the  contact-metamorphic  silicates  and  the  ores 
often  form  in  very  pure  limestone.  But  it  is  conceded  that  they  may 
also  develop  in  impure  limestone.  According  to  the  supporters  of  the 
residuary  crystallization  theory,  a  very  large  reduction  of  volume  has 
been  effected  in  either  case,  which  of  course  would  make  the  stratification 
a  jumble  near  the  contact.  The  expulsion  of  so  much  calcium  and 
magnesium  carbonate  involves  first  a  development  of  porosity  and  then 
a  compression  by  the  stresses  from  the  intruding  magmas.  The  reason 
why  most  silicate  zones  are  composed  of  hard,  compact  rocks  is  therefore 
that  the  porous  rock  has  been  strongly  compressed.  (In  some  cases  one  is 
tempted  to  add  that  the  rocks,  upon  this  theory,  must  have  been  principally 
pores.)  Later,  upon  cooling,  contraction  fissures  appeared  and  received 
some  emanations  from  the  magma  or  material  concentrated  by  hot  water 
from  the  intrusive  rock. 

I  must  here  refer  to  the  Washington  Camp  in  Arizona,  described  by 
Professor  Crosby.  According  to  his  statement  the  silicates  and  ore 
in  the  Pride  of  the  West  mine  have  been  formed  from  an  impure  lime- 
stone. I  investigated  this  occurrence  carefully  in  1909  with  F.  C. 
Schrader,  of  the  U.  S.  Geological  Survey,  and  was  reluctantly  compelled 
to  adopt  a  different  view.  It  seemed  to  me  that  a  stratum  of  particularly 
pure  limestone  had  here  been  replaced,  lying  between  beds  of  markedly 
impure  and  siliceous  limestone  which  have  suffered  little  alteration. 

That  part  of  the  pure  bed  which  is  converted  into  ore  and  silicates 
presents  the  unusual  feature  that  the  altered  material  contains  some  rather 
large  druses,  which  are  coated  by  fine  quartz  crystals.     In  this  case,  then, 

"*  Economic  Geology,  vol.  viii,  No.  6,  p.  601  (Aug.,  1913). 

'I  find  that  the  analysis  given  by  Mr.  Uglow  for  the  "Modoc  limestone"  at 
Clifton  has  been  obtained  by  taking  the  average  of  the  two  analyses  from  Modoc 
mountain,  which  of  course  is  correct,  and  one  analysis,  materially  different,  from 
Shannon  mountain,  3  miles  distant.    This  is,  to  say  the  least,  a  curious  proceeding. 
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the  pressure  of  the  magma  was  not  great  enough  to  compress  a  drusy 
material  into  a  compact  mass. 

It  should  be  added  that  many  of  these  silicate  rocks  as  exposed 
at  the  surface  appear  porous  and  drusy,  but  this  is  usually  caused  by  the 
solution  of  interstitial  and  residuary  calcite. 

Thus  far  no  conclusive  field  evidence  has  been  introduced  showing  the 
compression  demanded  by  the  "residuary"  theory.  We  owe  probably 
the  best  and  most  careful  examination  of  a  metamorphic  zone  to  Professor 
Barrell.*  He  concludes  that  in  the  outer  metamorphic  zone  there  must 
have  been  effected  a  considerable  compression,  for  which  he,  however, 
found  no  convincing  field  evidence;  while  the  inner  ^one,  in  which 
additions  from  the  magma  seemed  clearly  demonstrated,  showed  no 
evidence  of  reduction  in  volume.  Theoretically,  according  to  Barrell 
there  should  be  a  slight  expansion  in  this  zone. 

It  is  obviously  impossible  that  structures  and  textures  could  be 
retained  on  the  residuary  crystallization  theory.  That  such  structures 
are  in  fact  often  retained  has  often  been  shown  and  I  have  particularly 
called  attention  to  the  preservation  of  fossils  in  greatly  gametized  rocks 
at  Tres  Hermanas,  N.  M. 

F.  C.  Calkins  and  B.  S.  Butler  have  recently  completed  careful 
investigations  of  contact  zones  at  Philipsburg,  Mont.,  and  San  Francisco, 
Utah.*®  In  fcoth  cases  evidences  of  porosity  or  compression  were  sought 
for  but  not  foimd. 

It  seems  as  if  a  careful  microscopic  study  of  limestones  in  all  stages 
of  recrystallization  would  convince  any  one  that  no  such  wholesale  re- 
duction of  volume  has  taken  place.  Delicate  needles  and  prisms  of 
amphibole  or  pyroxene  or  skeletal  forms  of  garnets  appear  which  are 
not  disturbed  or  crushed  by  the  metamorphism  in  more  advanced  stages. 
A  part  of  the  limestone  may  be  replaced  by  quartz,  and  both  calcite  and 
quartz  are  without  disturbance  traversed  by  a  system  of  amphibole 
prisms. 

The  tendency  of  crystallization  in  skeleton  forms  leads  to  the  so 
frequent  development  of  residual  calcite  included  in  the  silicates.  I  can 
find  little  to  contradict  the  conclusion  that  the  metasomatism  takes  place 
by  equal  volumes  and  that  there  is  practically  no  change  in  volume  in  the 
altered  rock  compared  to  the  original  rock. 

The  advocates  of  the  residual  crystallization  theory  reluctantly 
admit  that  boron,  fluorine,  etc.,  may  have  been  introduced.  Are  they 
sure  that  these  were  the  only  elements  introduced?  It  seems  to  me 
absolutely  impossible  to  draw  a  line  between  the  ordinary  silicates  and 
those  containing  mineralizers.  Both  are  commonly  intergrown,  showing 
practically  contemporaneous  origin.    Take  for  instance  the  occurrence 

*  Profe99ional  Paper  No.  57,  U.  8.  Geological  Survey  (1907). 

"  Profesiianal  Papers  No8.  78  and  80,  U.  8.  OeoloffUal  Survey  (1913). 
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of  axinite,  which  so  frequently  has  been  overlooked,  the  brown  massive 
mineral  looking  much  like;  garnet."  Sulphur  has  equal  right  to  be  re- 
garded as  a  mineralizer  and  from  Day's  and  Shepherd's  work  at  Kilauea" 
we  know  that  even  the  surface  lava  gives  off  much  more  sulphur  than 
fluorine  and  boron.  Even  if  nothing  more  is  admitted  in  the  way  of 
emanations  it  is  clear  that  sulphides  may  result  in  the  adjoining  rocks. 
Has  the  old  experiment  been  forgotten  showing  the  development  of 
magnetite  in  a  limestone  fragment  immersed  in  molten  basalt? 

I  do  not  intend  to  deny  for  an  instant  that  the  impurities  in.  a  lime- 
stone may  be  utilized  in  its  subsequent  recrystallization  and  I  have  noted 
the  woUastonite  developing  at  the  contact  of  chert  nodules  and  limestone 
as  described  by  Crosby  from  Washington  Camp,  but  I  do  insist  that  if  it 
is  admitted  that  a  massive  andradite  garnet  may  form  from  a  practically 
pure  limestone  no  amount  of  diagrams  can  prove  that  the  constituents  of 
the  garnet  can  be  accounted  for  by  residuary  crystallization. 

3.  The  view  that  accounts  for  the  silicate  minerals,  and  the  minerals 
containing  mineralizers,  and  the  iron  ores,  and  the  sulphides  by  assuming 
that  they  are  derived  in  large  part  from  the  emanations  from  the  magma 
seems  to  me  so  plausible,  so  convincing  and  so  fitting  when  the  subject 
is  regarded  from  a  broad  standpoint  that  I  cannot  help  joining  Kemp, 
Spurr,  Goldschmidt  and  many  others  in  advocating  it.  I  believe 
thoroughly  that  iron,  silica,  various  rare  metals,  the  mineralizers,  to  a 
smaller  degree  also  alumina  and  the  alkalies,  are  thus  contributed  by  the 
intrusive.  The  limestone  and  the  intrusive  emanations  form  a  chemical 
system  in  which  reactions  of  great  intensity  are  proceeding.  Some- 
times there  is  also  a  vigorous  interaction  between  the  limestone  and  the 
intrusive,  as  shown  by  the  occasional  development  of  epidote  and  garnet 
in  the  latter. 

The  emanations  consisting  of  gases,  water,  and  volatile  compounds 
in  which  the  metals  are  probably  carried  as  chlorides  or  fluorides,  penetrate 
the  limestone  easily.  In  connection  with  this  I  wish  to  call  your  attention 
to  some  diagrams  and  mathematical  calculations  presented  by  Messrs. 
Leith  and  Uglow  in  which  it  is  shown  how  excessively  slow  the  diffusion 
of  heat  is  from  an  intrusive  contact.  No  doubt  the  calculations  are  cor- 
rect, but  their  presentation  is  an  excellent  instance  of  the  danger  of 
applying  mathematics  to  geology.  The  diffused  heat  is  as  a  matter  of  fact 
a  feature  of  minor  importance.  The  penetration  of  the  emanations  into 
the  solid  rocks  is  the  main  cause  of  the  contact  metamorphism.  These 
emanations  penetrate  the  suitable  strata  of  limestone  as  if  the  latter  were 
a  sponge  and  they  also  trave)  rapidly  on  fissures  and  joints.  Convection 
thus  far  outdistances  diffusion.     Every  geologist  who  has  studied  contact 

"  Schrader,  F.  C:  BuUeiin  No.  497,  U.  S.  Geological  Survey  (1912). 
^*  Bulletin  of  the  Geological  Society  of  America,  vol.  xxiv,  No.  4,  pp.  573  to  606  (Deo., 
1913). 
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metamorphism  is  well  aware  that  certain  beds,  not  unlike  those  above  and 
below,  show  extraordinary  selective  power  of  recrystallization  and 
mineralization.  It  is  well  known  that  some  limestones  are  easily  pene- 
trable by  oil,  so  that  they  may  be  rendered  strongly  translucent  by  such 
impregnation.  If  this  can  be  effected  at  lower  temperatures  what 
would  be  the  effect  of  emanations  imder  tremendous  pressure  and 
temperature? 

The  principal  differences  among  those  who  believe  in  the  magmatic 
theory  relate  to  the  order  of  introduction  of  the  various  minerals.  Some, 
like  J.  E.  Spurr,  hold  that  the  development  of  silicates  preceded  the 
metallization  as  a  more  or  less  distinct  stage  and  make  of  the  latter  a 
hydrothermal  phenomenon  taking  place  after  the  consolidation  of  the 
intrusive  magma.  Others  see  a  rather  continuous  process  in  the  metalliza- 
tion, holding  that  it  began  at  the  moment  of  irruption. 

It  has  always  seemed  to  me  most  difficult  in  this  case  to  separate 
metamorphism  and  metasomatism.  I  am  inclined  to  minimize  the 
purely  thermal  metamorphism,  and  this  opinion  is  strengthened  by  the 
extremely  slow  rate  of  diflFusion  of  heat.  On  the  other  hand,  it  is  well 
known,  for  instance,  through  the  work  of  F.  C.  Calkins,"  that  the  emana- 
tions resulting  in  tourmaline  and  scapolite  spread  long  distances  from  the 
contacts.  It  is  therefore  probable  that  the  metamorphism  which  so  often 
extends  for  many  thousand  feet  from  the  contact  is  primarily  induced  by 
the  transmission  through  the  pores,  fractures,  and  bedding  planes  of  solu- 
tions emanating  from  the  magma  but  mingled  on  tJieir  way  with  interstitial 
rock  moisture.  In  fact,  the  slowness  of  the  diffusion  of  heat  positively 
compels  such  a  view.  The  replacement  will  ordinarily  proceed  by  equal 
volumes,  but  where  the  movement  of  the  solutions  was  extremely  rapid 
drusy  texture  might  result.  All  this  is  on  supposition  that  the  locality  is 
in  the  zone  of  fracture.  If  it  is  definitely  in  the  zone  of  flowage,  the 
temperatures  could  normally  be  much  higher  and*  the  difficulty  of  escape 
of  the  carbon  dioxide  would  naturally  be  much  greater.  Hence  the 
development  of  silicates  would  proceed  at  a  very  much  slower  rate, 
so  slow  indeed  that  porosity  would  become  improbable  and  any  replace- 
ment would  proceed  on  the  basis  of  equal  volumes;  any  material  dissolved 
would  immediately  be  replaced  by  new  minerals. 

In  the  diffusion  of  emanations  from  the  magma  certain  constituents 
would  penetrate  much  further  than  others.  Carbon  dioxide  and  other 
gases  would  certainly  penetrate  much  further  than  silica,  for  instance. 

There  is  unquestionably  a  certain  sequence  in  the  development 
of  minerals  in  contact  zones.  Many  observations  seem  to  prove  that 
emanation  of  sulphides  and  magnetite  continues  after  the  contact  action, 
resulting  in  silicate  rock,  is  completed,  and  finally  hydrothermal  action 
results. 

i»  Professional  Paper  No.  78,  U,  S.  Geological  Survey  (1913). 
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The  strong  advocates  of  this  view,  among  whom  J.  E.  Spun*  is  promi- 
nent, seem,  however,  to  minimize  unduly  the  earlier  development  of 
sulphides  and  magnetite.  I  have  often  had  occasion  to  emphasize  these 
early  accessions  which  I  think  cannot  be  denied.  The  recent  literature  con- 
tains little  to  make  a  change  of  opinion  necessary.  B.  S.  Butler, ^^  for  in- 
stance, says  of  the  Frisco  district,  Utah,  that "  in  general  the  minerals  of  the 
contact  zones  appear  to  have  formed  at  essentially  the  same  time, 
though  in  some  places  metallic  minerals  have  formed  later  than  the 
silicates  as  well  as  contemporaneously  with  them."  T.  Kato,^^  describing 
the  deposits  at  the  Okufo  mine,  Japan,  states  that  wollastonite  is  the 
oldest  mineral  and  that  it  was  formed  by  accessions  of  silica.  He  con- 
siders the  earliest  solutions  to  have  been  very  siliceous.  Next  follows 
andradite  with  traces  only  of  alumina;  this  is  intergrown  with  vesuvianite. 
The  sulphides  were  formed  contemporaneously  with  the  garnet  or  at  the 
closing  epoch  of  its  deposition.  Veinlets  of  chalcopyrite  form  the  latest 
manifestation  of  metallization. 

In  conclusion,  I  would  say  that  the  most  convincing  argument  in  favor 
of  the  derivation  of  these  deposits  from  emanations  from  the  magma  is 
not  this  or  that  single  fact,  but  the  great  chain  of  circumstantial  evidence 
which  connects  the  contact-metamorphic  deposits  with  the  high-tempera- 
ture veins  on  one  hand  (such  as  the  cassiterite  veins,  for  instance)  and  the 
pegmatitic  veins  and  dikes  and  concentrations  in  molten  magmas  on  the 
other  hand.  In  some  cases  evidence  of  this  kind,  with  grading  toordinary 
veins,  indicating  lower  temperatures,  is  offered  in  the  vicinity  of  a  single 
intrusion.  If  to  this  is  added  the  direct  evidence  of  emanations  from 
the  surface  lavas,  for  instance  of  sulphur  and  fluorine  from  the  Hawaiian 
volcanoes,  the  whole  forms  a  well-supported  theory  which  should  require 
respectful  consideration  even  from  those  who  would  attribute  a  paramount 
r61e  to  the  atmospheric  waters. 


^^Professional  Paper  No,  80,  U.  S.  Geological  Survey,  p.  84  (1913). 

^*  Journal  of  the  Geological  Society  of  Tokio,  vol.  xx,  pp.  13  to  32  (1913). 
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Recrystallization  of  Limestone  at  Igneous  Contacts 

BT  C.  K.  LBTTH,  MADISON,  WIS. 
(New  York  Meetans,  Febnutry.  1014) 

At  the  outset  I  would  like  to  make  it  clear  that  I  do  not  enter  this 
discussion  in  a  controversial  spirit,  but  in  an  attempt  to  contribute  some- 
thing helpful  to  an  understanding  of  a  difficult  problem.  I  have  too  high 
regard  for  the  sterling  qusdity  of  the  work  of  the  men  who  have  studied 
tbis  subject  in  detail  to  offer  anything  in  the  way  of  essential  contradiction 
to  their  statements  of  fact.  Difference  of  opinion  arises  from  differing 
valuation  of  the  possible  alternative  hypothesis  which  these  facts  suggest. 

Some  d^ree  of  recrystallization  in  limestone  contact  zones  has 
been  recognized  by  many  investigators.  Earlier  investigators,  for  the 
most  part,  assigned  an  important,  if  not  the  most  important,  rdle  to 
recrystallization  in  development  of  these  zones.  With  the  growing  recog- 
nition of  introduction  of  ores  and  gangue  materiials  into  the  contact  zone 
frcm  igneous  rocks  through  the  medium  of  primary  magmatic  solutions, 
there  has  been  a  tendency  to  ascribe  to  this  process  most,  if  not  all,  of  the 
chemical  and  mineralogical  characteristics  of  the  contact  zone.  This  has 
involved  a  correspondingly  diminished  emphasis  on  recrystallization  of 
substances  already  there  as  a  factor  in  the  process,  and  in  some  cases 
even  the  complete  elimination  of  this  hypothesis.  From  detailed  study 
of  a  few  contacts,  casual  observation  of  others,  and  a  general  familiarity 
with  the  literature,  some  of  us  have  been  led  in  recent  years  to  raise  the 
question  whether  the  pendulum  has  not  swung  too  far  away  from  re- 
crystallization toward  direct  introduction  from  igneous  sources,  and  to 
argue  for  more  recognition  of  the  part  played  by  recrystallization.^ 
The  inevitable  sequence  has  been  that  those  of  us  who  have  taken  this 
view  have  been  charged,  at  least  by  inference,  with  emphasizing  recrys- 
tallization to  the  total  exclusion  of  the  alternative  process.  Scientists, 
like  other  men,  like  to  classify  and  pigeon-hole  views  under  simple  and 
definite  designations,  leaving  out  qualifications  which  would  tend  to  make 
the  classification  more  difficult  to  state.  This  has  made  the  problem  seem 
more  definite  and  simple,  but  has  tended  to  obscure  the  fact  that  the 

disagreement  is  primarily  not  one  relating  to  essential  facts,  but  one  of 

• 

^  Barrel!,  Joseph:  Geology  of  the  Marysville  Mining  District,  Montana;  a  Study 
of  Igneous  Intrusion  and  Contact  Metamorphism,  Professional  Paper  No,  57,  C7.  S. 
Geoloffical  Survey  (1907);  Leith,  C.  K.,  and  Harder,  E.  C:  The  Iron  Ores  of  the  Iron 
Springs  District,  Southern  Utah,  Bulletin  No.  338,  U.  S.  Geological  Survey  (1908). 
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emphasis.  The  relative  importance  of  processes  seems  to  vary  greatly 
in  different  districts.  Until  many  more  contacts  have  been  carefully 
studied,  agreement  as  to  the  relative  importance  of  processes  in  general 
is  perhaps  not  to  be  expected. 

Evidences  for  recrystallization,  briefly  summarized  and  without 
qualification,  are  as  follows: 

1.  So  far  as  there  is  recrystallization  it  relates  mainly  to  part  of  the 
silicate  minerals  and  the  residual  carbonates  of  the  contact  zone.  By 
no  stretch  can  it  explain  the  metallic  minerals.  The  development  of 
silicates  from  the  lime  or  magnesia  carbonates  involves  the  elimination  of 
aU  the  carbon  dioxide  and  some  of  the  lime  and  magnesia,  with  re- 
crystallization  into  silicates  of  part  of  the  lime  and  magnesia  together 
with  other  impurities  which  may  be  present,  such  as  silica,  iron,  kaolin, 
and  other  substances.  In  certain  districts  the  composition  of  part  of  the 
silicate  zone  (usually  the  outer  part)  corresponds  approximately  to  the 
composition  of  the  original  carbonate  rock,  minus  carbon  dioxide  and  a 
part  of  the  lime  and  magnesia.  No  analyzed  samples  have  shown 
exact  correspondence.  It  would  be  diflScult  to  find  exact  correspondence 
because  of  later  replacements,  because  of  original  variation  of  beds,  and 
because  of  diiKculty  of  confining  sampling  only  to  the  recrystaUized  zone; 
but  in  some  cases  there  is  a  remarkable  tendency  toward  the  constancy  of 
silica-alumina  ratios  in  comparison  of  original  limestones  and  the  sup- 
posedly recrystallized  phases.  The  ratio  is  not  absolutely  maintained, 
but  the  variation  in  the  silica-alumina  ratio  is  slight  as  compared  to  the 
variations  which  are  found  in  the  parts  of  the  contact  zone  in  which 
materials  have  been  clearly  introduced.  It  would  be  remarkable  if 
substances  brought  in  at  random  from  magmatic  sources  should  ap- 
proximate so  closely  the  composition  of  residual  impurities  of  limestone. 
A  most  striking  case  of  this,  which  has  been  worked  out  quantitatively  on 
a  large  scale,  is  the  contact  metamorphism  of  cherty  iron  carbonates  by 
great  masses  of  gabbro  in  the  Lake  Superior  country.  Here  the  iron-silica 
ratio  of  the  altered  phase  corresponds  almost  exactly  with  that  of  the 
original  carbonate  rock,  the  change  being  merely  an  elimination  of  carbon 
dioxide.  Analyses  have  been  taken  from  many  thousands  of  samples 
brought  up  in  drill  cores  and  in  continuous  sections  across  the  formation.^ 

2.  Secondary  silicates  of  contact  zones  have  often  been  found  to  be 
localized  along  cherty  beds  or  around  fragments  of  chert  in  the  carbonate. 
Again  the  Lake  Superior  region  furnishes  an  illustration  in  that  cores 
brought  from  a  depth  of  many  hundred  feet,  where  there  has  been  no 
chance  of  surface  alteration,  and  at  some  distance  from  the  intrusive,  show 
the  development  of  secondary  iron  silicates,  principally  grtinerite,  along 


'  Van  Hise,  C.  R.,  and  Leith,  C.  K.:  The  Geology  of  the  Lake  Superior  Region, 
Monograph  LII,  U.  S.  Geological  Survey,  p.  646  (1911). 
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contact  of  carbonate  and  siliceous  layers,  in  a  rock  which  is  so  dense  there 
is  little  or  no  possiblity  for  the  introduction  of  these  substances  from 
without.  The  ratio  of  silica  to  iron  has  been  almost  exactly  midntained. 
And  yet  these  are  clearly  developed  under  influence  of  intrusives. 

3.  The  similarity  of  secondary  silicates  in  limestones  and  marbles  far 
removed  from  igneous  contacts  to  some  of  those  developed  at  contacts  is 
also  suggestive  evidence  of  recrystallization  along  contacts. 

4.  Elimination  of  carbon  dioxide  and  lime  is  postulated  under  either 
hypothesis,  "replacement"  or  "recrystallization."  The  natural  conse- 
quence of  elimination  is  recrystallization  of  the  residual  materials,  whether 
or  not  these  are  supplemented  by  accessions  from  magmatic  sources. 
There  is  no  good  a  priori  reason  why  accessions  should  always  exactly 
balance  elimination,  especially  when  the  physical  conditions  of  intrusion 
are  considered — and  there  is  no  satisfactory  quantitative  proof  that  they 
have.  Under  physical  conditions  which  have  been  supposed  to  attend 
the  earlier  stages  of  intrusion  of  a  magma  it  is  easy  to  conceive  of  pore 
spaces  caused  by  elimination  to  be  closed  as  fast  as  formed,  thereby 
reducing  volume,  and,  in  fact,  it  is  usual  to  conceive  of  the  pressure 
actually  being  a  factor  in  the  elimination.  Under  the  replacement  hypo- 
thesis we  find  it  necessary  to  assume  that  whatever  the  pressure  con- 
ditions were,  whether  those  tending  to  close  up  openings  or  not,  the 
materials  taken  out  and  those  introduced  were  delicately  balanced  in 
volume;  that  just  enough  is  introduced  in  any  one  place  to  take  the 
place  of  that  which  is  left. 

5.  The  reduction  in  volume  required  by  the  recrystallization  hypothe- 
sis cannot  in  most  cases  be  disproved.  So  far  as  original  textures  are 
retained,  as  they  are  in  some  districts,  then  it  is  possible  to  infer,  rightly 
I  think,  that  the  volume  has  not  been  considerably  reduced,  and,  there- 
fore, that  elimination  has  not  taken  place  except  by  equivalent  introduc- 
tion of  new  materials.  But  the  supposedly  recrystallized  substances 
are  usually  in  a  structurally  amorphous  zone  which  may  well  be  the 
residual  of  an  original  mass  many  times  greater.  Opponents  of  the 
recrystallization  hypothesis  have  argued  that  the  necessary  elimination  of 
substances,  and  consequent  reduction  of  volume,  is  too  large  to  be 
reasonable.  The  reasonableness  or  unreasonableness  of  this  is  a  difficult 
point  to  argue.  It  is  largely  a  matter  of  personal  opinion.  To  me  it 
does  not  seem  inherently  improbable.  Elimination  is  equally  necessary 
to  the  alternative  hypothesis  of  introduction  of  the  materials  from 
magmatic  sources.  Without  elimination  it  is  necessary  to  assume  an 
enonnous  increase  in  volume  to  take  care  of  enough  new  material  to  give 
an  average  composition  of  the  contact  phase. 

6.  Discrimination  of  two  phases  of  contact  metamorphism  is  essential 
to  an  interpretation  of  conditions  of  formation  of  contact  zones. 

Students  of  contact  metamorphism  may  to  much  advantage  study 
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the  mathematical  theory  of  heat  conduction  as  applied  to  an  igneous 
contact.  We  are  indebted  to  Professors  IngersoU  and  Zobel*  for  an  illumi- 
nating discussion  of  the  principles  of  heat  flow  from  an  igneous  rock  of 
given  dimensions  into  surrounding  limestone.  Their  conclusions,  which 
seem  to  be  well  based  on  general  physical  principles,  are  especially 
interesting  in  showing  the  remarkably  slow  progress  of  a  heat  wave  into 
the  limestone.  Quoting  from  Ingersoll's  and  Zobel's  discussion  of  a 
hypothetical  case:* 

"The  oonclusions  to  be  drawn  from  the  curves  are:  first,  that  the  cooling  is  a  very 
slow  process,  occupying  tens  of  thousands  of, years;  second,  that  the  boundary- 
surface  temperature  quickly  falls  to  half*  the  initial  value  and  then  cools  only  slowly, 
and  also  that  for  a  hundred  or  more  years  there  is  a  large  temperature  gradient  over 
only  a  few  meters  and  a  very  slow  progress  of  the  heat  wave;  third,  the  maximum 
temperature  in  the  limestone,  or  the  crest  (so  to  speak)  of  the  heat  wave,  travels  out- 
ward only  a  few  centimeters  a  year.  The  mass  behind  it  will  then  suffer  a  contraction 
as  soon  as  it  begins  to  cool,  and  the  cracking  and  introduction  of  mineral-bearing 
material  is  doubtless  a  consequence  of  this." 

Especially  significant  is  the  inference  from  the  curves  of  heat  flow 
that  in  advance  of  the  heat  wave  the  rock  is  tending  to  expand,  therefore, 
to  be  compressed,  whereas,  following  it  during  a  long  period  of  time  there  is 
contraction  and  the  development  of  cracks.  These  conditions  seem  to 
favor  two  principal  phases  of  contact  metamorphism. 

As  the  igneous  mass  advances  into  limestone  it  presumably  is  exerting 
mechanical  pressure,  judging  by  deformation  at  some  contacts,  and  at  the 
same  time  sending  out  heat  into  the  surrounding  rock,  which,  it^>elf ,  in- 
creases the  pressure.  It  is  difiicult  to  avoid  the  conclusion  that  for  a  time 
at  least  the  adjacent  rocks  are  under  considerable  pressure  and  that  this 
pressure  would  favor  elimination.  It  does  not  seem  at  all  necessary  or 
probable  that  under  pressure  this  elimination  should  be  immediately 
followed  by  introduction  of  other  substances  from  the  magma,  or, 
putting  it  in  another  way,  that  substances  from  the  magma  should  always 
so  closely  follow  elimination  as  to  replace  molecule  by  molecule  the 
original  materials  and  thereby  prevent  any  reduction  of  volume.  As  the 
crest  of  the  heat  wave  advances  into  the  surrounding  limestone,  lower 
temperatures  follow,  with  the  result  that  there  is  contraction  and  the 
development  of  openings.     This  contraction  may  effect  not  only  the  lime- 

*  IngersoU,  L.  R.,  and  Zobel,  O.  J.:  An  Introduction  to  MaihemcUical  Theory  of 
Heat  Conduction  with  Engineering  and  Geological  Applications  (Gum  &  Co.,  1913). 

*Loc.  cit.f  pp.  128  to  129. 

•  Strictly  speaking,  the  initial  temperature  of  the  boundary  surface  would  be  some- 
what higher  than  this;  for  the  conductivity  of  hot  igneous  rock  is  considerably  greater 
than  that  of  the  cold  limestone  although,  in  order  to  be  able  to  handle  the  problena , 
we  have  had  to  consider  their  thermal  constants  as  the  same.  The  temperature  of 
the  boundary  surface  for  the  first  hundred  years  or  so  could  best  be  estimated  from 
equation  (49)  of  Art.  80.  The  error  introduced  by  assuming  the  diffusivities  to  be  the 
same  becomes  less  and  less  as  the  cooling  proceeds. 
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stone  but  the  intrusive  itself.  Into  such  openings  the  magmatic  solutions 
may  freely  enter,  and  there  are  deposited  the  ores  and  some  of  their  gangue 
materials.  At  the  same  time  these  solutions  may  replace  the  materials 
of  the  surrounding  rock  to  a  greater  or  less  extent. 

That  contact  metamorphism  of  limestone  has  been  accomplished  in 
two  successive  phases  has  been  pretty  well  proved  at  certain  contacts. 
It  seems  probable  that  when  attention  is  directed  specifically  to  this 
feature  it  may  be  found  at  others.  The  first  phase  seems  to  be  charac- 
terized by  the  production  of  an  amorphous,  homogeneous,  silicate  mass, 
not  definitely  associated  with  fissiu'es.  In  some  cases  this  is  discriminated 
sharply  from,  in  other  cases  it  merges  gradually  into,  a  phase  characterized 
by  sulphides  and  other  ore-bearing  minerals  with  their  gangue  materials, 
which  occur  much  more  largely  in  fissureb.  These  fissures  may  often  be 
seen  to  traverse  the  silicate  zone  of  the  first  phase.  Tho'  minerals  of  ;the 
later  phase,  both  because  of  their  composition  and  because  of  evidence  of 
their  transportation,  cannot  be  regarded  as  recrystallizations  of  materials 
in  place.    They  afford  evidences  of  introduction  from  magmatic  sources. 

The  two  phases  of  alteration  may  merge  one  into  the  other  both  in 
time  and  place.  The  later  phase  may  be  expected  to  obliterate  to  some 
extent  the  earlier  phase.  Ordinarily  the  later  minerals  differ  from  the 
earlier  ones,  but  certain  silicates,  quartz,  and  other  minerals,  may  be  com- 
mon to  both. 

I  do  not  attempt  to  cite  evidences  in  detail  from  specific  localities. 
My  purpose  is  rather  to  outline  the  case  for  recrystallization.  W.  L. 
Uglow,'  in  a  recent  paper,  has  cited  evidences  and  references  in  some 
detail  and  in  a  forthcoming  paper  will  cite  more.  I  do  not  contend  that 
all  contacts  will  be  proved  to  show  important  recrystallization  or  even 
that  aU  of  the  illustrations  cited  in  Mr.  Uglow's  paper  are  valid  ones.  I 
hold  only  that  recrystallization  has  been  proved  in  enough  places 
and  to  sufficient  degree  to  warrant  its  citation  as  a  usual  accompaniment 
of  the  process  of  introduction  of  magmatic  materials.  In  some  cases  it 
seems  to  be  important.  In  others  evidence  of  it  is  slight  or  absent,  though 
in  these  cases  it  may  be  masked  by  the  introduction  of  materials  in  the 
second  phase  of  contact  metamorphism.  Its  complete  absence  in  the 
nature  of  the  case  is  difficult  to  prove  quantitatively.  Advocates  of  the 
recrystallization  hypothesis  have  not,  so  far  as  I  know,  held  that  it  was 
sufficient  to  explain  all  contact  phenomena.  They  have  offered  it 
only  as  an  explanation  of  one  phase  of  contact  alteration.  Failure  to 
consider  this  hypothesis  involves  failure  to  consider  the  possibilities  of 
a  two-phase  alteration  which  seems  to  me  to  be  the  probable  key  to 
much  contact  metamorphism.     With  the  majority  of  economic  geolo- 

•  Uglow,  W.  L. :  A  Review  of  the  Existing  Hypothesis  on  the  Origin  of  the  Second- 
ary Silicate  Zones  at  the  Contacts  of  Intrusives  with  Limestones,  Economic  Geology ^ 
voL  viii.  No.  1,  pp.  19  to  50;  No.  3,  pp.  215  to  234  (Jan.,  Apr.,  1913). 
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gists,  I  recognize  the  conspicuous  evidence  of  the  introduction  of  mag- 
matic  materials.  My  plea  is  that  this  hypothesis  be  not  magnified  to 
the  exclusion  of  the  recrystallization  hypothesis.  Quantitative  stud- 
ies of  contacts  based  on  adequate  sampling  have  unfortunately  been  rare. 
Without  them,  conclusions  can  be  only  qualitative  and  not  exclusive. 

Discussion 

Waldemar  Lindgren,  Boston,  Mass. — I  think  geologists  should  be 
careful  how  they  associate  with  mathematicians.  Now,  what  these  men 
have  done  is  simply  to  take  two  adjoining  bodies,  one  very  hot  and  one 
very  cold,  and  calculate  the  conditions  resulting.  That  is  not  the  idea 
at  all.  The  idea  is  that  the  limestone  receives  the  emanations  from  the 
magma,  and  that  these  magmatic  emanations  pass  through  it  almost  like 
water  goes  through  a  sponge,  so  that,  reasoning  from  that  point  of  view,  I 
do  not  think  that  this  mathematical  calculation  has  very  much  bearing  on 
it,  because  the  emanations  would  find  fissures  and  penetrate  long  distances 
that  would  upset  the  whole  calculation.  The  penetration  of  the  emana- 
tion would  be  very  much  more  rapid  in  any  case  than  would  be  the  dif- 
fusion between  two  bodies  adjoining,  without  any  action  on  each  other 
except  by  the  heat. 

James  F.  Kemp,  New  York,  N.  Y. — The  igneous  rocks  sometimes 
show  the  reflex  action  of  the  limestone  in  having  garnets  in  epidote. 

I  was  interested  in  reading  Professor  Leith's  paper  in  the  emphasis 
laid  on  the  delicate  balance  of  the  materials  that  enter  the  hmestone,  with 
the  result,  it  would  seem,  that  one  could  reply  that  when  the  material 
ceases  to  come  from  the  igneous  rock  the  garnet  ceases  to  form. 

Mr.  Lane  raised  the  point,  inferentially,  that  Mr.  Lindgren  cannot 
show  the  effect  of  the  limestone  of  the  igneous  rock,  but  I  believe  he  has 
shown  such  effect  in  that  he  mentioned  garnets  and  epidotes  in  the 
igneous  rock  itself. 

Professor  Leith  has  made  an  objection  to  the  contribution  from  the 
igneous  rock,  because  of  the  delicate  balance  between  the  recrystallized 
materials  and  the  contributions,  but,  of  course,  if  the  garnets  are  pro- 
duced from  the  limestone  by  additions  of  silica  and  iron,  their  crystalli- 
zation would  cease  when  the  contributions  stopped.  A  balance  would 
necessarily,  therefore,  be  established.  I  presume,  however,  that  Pro- 
fessor Leith's  point  was  based  upon  this  consideration — he  believes  the 
limestone  to  be  calcined  by  the  igneous  rock,  but  that  limit  itself  would 
result  in  greater  quantity  than  is  present  in  the  sihcate. 

John  D.  Irving,  New  Haven,  Conn. — For  reasons  which  it  seems  un- 
necessary to  give  at  length  I  believe  that  the  lime  silicates  which  develop 
at  the  contacts  of  intrusive  igneous  rocks  with  limestone  are  formed 
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almost  entirely  with  the  aid  of  contributions  of  silica  and  limestone 
derived  as  emanations  from  the  intrusive  magmas.  The  formation  of 
such  silicates,  however,  demands  the  elimination  of  a  large  quantity 
of  carbon  dioxide,  inasmuch  as  this  compound  does  not  appear  to  any 
extent  as  a  constituent  of  the  lime-silicate  zones.  While  there  are,  of 
course,  many  ways  in  which  carbon  dioxide  can  be  expelled  in  gaseous 
form  and  escape  through  fractures  and  fissures  to  the  surface,  it  is  con- 
ceivable that  under  conditions  of  high  temperature  and  pressure,  such 
as  have  accompanied  deep-seated  intrusions,  fissures  and  fractures  for  the 
escape  of  carbon  dioxide  should  have  been  either  wanting  or  insufficient 
in  number.  The  elin^ination  of  the  carbon  dioxide  under  these  circum- 
stances offers  a  problem  of  some  difficulty.  I  would  like  to  learn  from 
Mr.  Lindgren  whether  he  has  any  suggestions  to  offer  in  regard  to  this 
point. 


216  SAFBGT7ABDING  THE  tTSE  OF  ELECTBICITT  IN  MIKES 


Safeguarding  the  Use  of  Electricity  in  Mines 

BT  H.   H.   CLABK,*  WAfiHINQTON,   D.  C. 
(New  York  Meeting,  February.  1914) 

Electricity  must  be  safeguarded  everywhere  that  it  is  used.  The 
conditions  that  exist  underground  make  the  use  of  saf guards  more  essen- 
tial there  than  almost  anywhere  else. 

Electric  Shock 

Electric  shock  is  the  greatest  danger  in  connection  with  the  use  of 
electricity  in  mines,  because  conditions  existing  undergroimd  are  so  favor- 
able to  its  occurrence.  Men  are  often  obliged  to  work  in  more  or  less 
uncertain  light  near  bare  wires  that  are  carrying  dangerous  potentials. 
The  fact  that  the  men  are  standing  on  the  earth  practically  connects  them 
to  one  terminal  of  the  electric  generator. 

The  most  dangerous  piece  of  electrical  equipment  underground  is 
the  trolley  wire.  It  is  necessarily  bare  and  extends  for  long  distances 
throughout  a  mine,  often  less  than  a  man's  height  from  the  track  rail. 
Sometimes  the  making  up  of  *trips  of  cars  must  be  done  near  low-hanging 
trolley  wires.  All  bare  wires  ofifer  the  same  danger  that  trolley  wires 
dO;  although  not  to  the  same  extent. 

Apparatus  that  has  accidentally  come  in  contact  with  the  ungrounded 
side  of  an  electric  circuit  is  almost  as  dangerous  as  the  trolley  wire.  A 
severe  and  even  fatal  shock  may  be  obtained  by  coming  in  contact  with 
the  frame  of  a  motor  or  a  switch  box  that  has  become  charged  with  elec- 
tricity,  or  ''alive/'  as  it  is  usually  termed.  It  is  also  possible  to  obtain 
shocks  from  the  frames  of  locomotives  and  cars  if  track  sanding,  poor 
bonding  or  a  similar  cause  has  put  a  high  resistance  to  earth  in  the  path 
of  the  .current.  ' 

Fires  Caused  by  Electricity 

The  danger  from  fires  caused  by  electricity  arises  principally  from 
defective  installation  and  careless  upkeep  or  from  injuries  to  equipment 
resulting  from  falls  of  roof  or  similar  causes.  Fires  may  be  started  by 
unrelieved  short  circuits,  or  groimds,  by  the  blowing  of  open  fuses,  and 
by  the  overheating  of  resistances.  Incandescent  lamps  can  produce  heat 
enough  to  ignite  combustible  materials  If  the  dissipation  of  the  heat  from 

•  Non-member. 
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the  bulbs  of  .the  lamps  is  allowed  to  become  restricted.  The  fire  danger 
13  more  remote  than  the  shock  danger,  but  it  may  affect  a  larger  number 
of  men. 

Explonona  Caused  by  Electricity 

Explosions  may  be  caused  by  the  ignition  of  explosives,  gas,  or  coal 
dust.  Accidents  due  to  the  ignition  of  explosives  by  electricity  are  of 
two  kinds:  Those  that  occur  while  handling  and  transporting  explosives 
near  electric  circuits,  and  those  that  are  incident  to  the  detonation  of 
explosives  by  electrical  means. 

Transporting  Explosives. — Some  very  mysterious  accidents  of  the 
first  kind  have  occurred,  but  I  believe  that  most  of  these  have  been  caused 
by  hauling  explosives  in  metallic  packages,  or  else  so  near  the  locomotive 
that  flashes  or  sparks  from  the  trolley  wire  have  come  in  contact  with 
the  explosives. 

Electrical  Shot-Firing, — Electrical  shot-firing  accidents  are  usually 
caused  by  the  premature  ignition  of  shots  after  holes  are  charged.  It 
is  not  the  best  practice  to  shoot  electrically  under  conditions  that  require 
one  side  of  the  detonating  circuit  to  be  connected  to  the  earth,  because 
wherever  grounded  systems  of  power  distribution  are  used  unexpected 
differences  of  potential  exist  in  the  earth  in  the  vicinity  of  such  circuits. 
If,  therefore,  one  side  of  the  detonator  be  purposely  grounded  an  acci- 
dental ground  on  the  other  side  may  connect  the  detonator  across  a 
potential  sufficient  to  cause  ignition.  Premature  ignitions  have  been 
reported  which  seemingly  have  been  caused  by  the  conditions  just 
described. 

Gas  Ignition  by  Electricity 

For  all  practical  purposes  it  may  be  assumed  that  sparks  that  occur 
around  such  apparatus  and  circuits  as  are  used  for  power  and  light  in  a 
mine  are  capable  of  igniting  gas.  The  ignition  of  gas  by  incandescent 
lamps  has  been  investigated  by  the  Bureau  of  Mines  quite  thoroughly  with 
carbon  filament  lamps  and  to  a  lesser  extent  with  tungsten  filament  lamps. 
Theiresults  of  the  investigation  seem  to  indicate  that  certain  of  the  larger 
sizes  of  carbon  filaments  will  ignite  gas  and  that  tungsten  lamps  of  25 
watts  or  more  are  almost  certain  to  ignite  gas  when  broken. 

Ignition  of  Coal  Dvst  by  Electricity 

The  study  of  the  ignition  of  coal  dust  by  electric  arcs  and  electric 
flashes  has  been  carried  on  to  some  extent  by  investigators  in  Europe. 
The  results  of  their  experiments  indicate  that  electric  flashes  can  ignite 
coal  dust  suspended  in  the  atmosphere.  The  Bureau  of  Mines  has 
planned  similar  investigations  to  proceed  as  soon  as  funds  are  available^ 
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Underground  Conditions  are  Fa/oorable  to  the  Occurrence  of  Accidents 

Every  one  connected  with  mining  work  knows  that  the  natural  condi- 
tions surrounding  underground  installations  of  any  character  are  such 
that  accidents  are  likely  to  occur  and  this  is  especially  true  of  electrical 
installations.  It  is  not  necessary  to  rehearse  all  of  these  conditions,  as 
every  one  is  familiar  with  them. 

Prevention  of  Electrical  AcciderUs 

The  knowledge  of  the  existence  of  danger  requires  that  steps  be  taken 
to  prevent  accidents.  It  is  certain  that  haphazard  methods  will  not  solve 
the  safety  problem  any  more  than,  they  will  solve  the  haulage  prob- 
lem or  the  ventilation  problem.  Measures  tb  be  effective  must  be  well 
considered. 

Unfortunately,  the  safety  problem  cannot  be  solved  on  just  the  same 
basis  as  the  ventilation  problem,  for  instance.  Safety  cannot  be  cal- 
'  culated  mathematicaUy  by  the  use  of  constants  obtained  from  experience. 
Definite  data  as  to  what  will  produce  safety  under  the  complex  conditions 
involved  are  not  available.  It  has  seemed  to  me  that  a  good  way  to 
begin  is  to  outline  methods  that,  so  far  as  we  can  see,  will  surely  produce 
safety,  and  then  to  determine  how  these  methods  can  be  put  into  prac- 
tical operation.  For  the  sake  of  discussion,  therefore,  I  will  make  the 
following  five  suggestions  for  reducing  the  number  of  accidents  due  to  the 
use  of  electricity  in  mines: 

1.  Remove  contributory  causes. 

2.  Remove  from  the  vicinity  of  electrical  apparatus  all  elements  sus- 
ceptible to  its  influence  (gas,  dust,  explosives,  combustible  material). 

3.  Keep  the  electric  current  where  it  belongs. 

4.  If,  under  certain  circumstances,  the  current  cannot  be  entirely 
confined,  at  least  limit  the  area  of  its  activity  by  the  use  of  protective 
devices. 

5.  Insure  a  high  factor  of  safety  by: 

(a)  Selecting  materials  and  apparatus  with  care. 

(b)  Installing  equipment  in  a  strictly  first-class  manner. 

(c)  Inspecting  equipment  frequently  and  thoroughly. 

(d)  Maintaining  it  in  good  condition  at  all  times. 

Concerted  Action 

Suppose  that  it  is  agreed  that  these  measures  (or  any  others)  will 
solve  the  problem,  the  next  question  is  how  to  put  these  into  effect. 
To  get  the  best  results  the  co-operation  of  all  concerned  must  be  secured. 
There  may  be,  no  doubt  there  will  be;  many  ways  of  getting  the  desired 
result.  Each  one  has  his  own  experience  and  his  own  views  based  thereon, 
but  disorganized  forces  acting  along  different  lines  will  not  produce  the 
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results  of  concerted  action  along  lines  that,  in  the  light  of  combined 
experience,  may  be  agreed  upon  by  the  majority  of  those  interested.  The 
greatest  benefit  can  be  derived  if,  from  the  great  mass  of  experience  of 
the  many  who  are  interested  in  safeguarding  electricity  in  mines,  a  definite 
plan  of  common  action  can  be  evolved  and  a  code  of  rules  laid  down,  which 
in  the  opinion  of  all  will  bring  about  the  safe  conditions  that  all  desire. 
If  such  a  code  were  put  into  effect  generally,  its  weak  points  could  be 
strengthened  from  time  to  time  by  the  common  experience  of  many  engi- 
neers and  operators,  who  would  be  trying  out  the  same  requirements 
under  various  conditions. 

CcMyperaiion  of  Mine  Electricians 

My  experience  and  that  of  others  reported  to  me  leads  me  to  believe 
that  a  code  of  rules  would  be  welcomed  by  the  underground  electrical 
men  who  are  to  put  them  in  force.  These  men,  as  a  whole,  desire  to  do 
things  in  the  proper  way  and  would  be  glad  to  have  the  proper  way  pointed 
out  to  them.  They  enjoy  arbitrary  criticism  as  little  as  any  one,  but  I 
believe  that  most  of  them  would  appreciate  constructive  criticism  and 
would  co-operate  in  carrying  out  suggestions  made  by  people  in  whom  they 
have  confidence.  If  such  a  movement  could  be  started  its  difficulties 
would  grow  less  as  time  went  on,  because  the  power  of  tradition  is  nearly 
as  strong  for  good  as  it  is  for  evil.  The  average  electrical  worker  on  the 
surface  knows  how  to  install  electrical  apparatus,  because  he  has  been 
educated  and  guided  by  the  Underwriters'  rules  which  have  established 
a  tradition  for  good  work  which  cannot  lightly  be  set  aside. 

I  wish  to  emphasize  that  the  solution  of  this  problem  rests  largely 
with  the  underground  electrical  worker.  If  good  men  are  selected  for 
this  position  and  are  properly  instructed  and  encouraged  to  look  out  for 
the  safety  side  of  the  electrical  work,  the  problem  is  practically  solved. 

Electricity  as  a  Safeguard 

I  believe  that  we  shall  see  the  day  when  electricity,  so  far  from  being 
considered  a  menace  to  those  who  work  in  mines,  will  be  regarded  as  a 
means  of  safeguarding  life  and  property  and  reducing  the  accidents  that 
heretofore  have  occurred.  Aheady  there  are  certain  electrical  devices 
whose  adoption  and  general  use  will  make  for  safety.  Among  these 
are  the  telephone,  the  electrical  shot-firing  device,  the  storage-battery 
locomotive,  and  portable  electric  mine  lamps.  If  the  storage-battery 
locomotive  can  be  developed  so  that  it  can  successfully  displace  the  trolley- 
wire  locomotive,  the  greatest  single  cause  of  electrical  accidents,  the 
trolley  wire,  can  be  withdrawn  from  service  at  least  to  a  large  extent. 

Portable  Electric  Lamps, — ^The  engineers  of  the  Bureau  of  Mines  and 
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other  engineers  believe  that  the  use  of  portable  electric  lamps  will  do 
much  toward  reducing  the  number  of  accidents  in  mines,  and  with  this  in 
mind  we  are  making  every  effort  to  assist  in  the  development  and  ui^e 
the  adoption  of  these  lamps.  Based  upon  the  undoubtedly  true  premise 
that  the  battery  is  the  part  of  a  portable  lamp  equipment  most  difficult 
to  develop,  there  has  been  a  tendency  to  lose  sight  of  certain  other 
necessary  features  of  portable  electric  lamps.  The  first  consideration 
in  the  design  of  these  lamps  is  to  have  them  safe  so  that  they  will  not 
ignite  gas  and  so  that  they  will  not  become  extinguished  and  leave  a 
man  in  the  dark,  but  while  these  points  are  indispensable  it  is  equally 
important  that  the  lamps  shall  be  designed  so  that  they  will  be  acceptable 
to  the  men  who  are  to  carry  them. 

Portable  electric  lamps  must  be  a  compromise  between  several  more 
or  less  opposed  requirements.  The  fundamental  considerations  of  lamp 
capacity  are  the  maximum  allowable  weight  of  battery,  the  minimum 
allowable  amount  of  light,  the  minimum  allowable  time  of  burning,  and 
the  minimum  allowable  life  of  lamp  bulbs.  These  factors  are  all'  inter- 
dependent and  must  be  properly  proportioned  in  order  to  produce  an 
acceptable  net  result.  Other  factors  must  also  be  kept  in  mind.  Bitter 
experience  with  gas  explosions  led  the  early  English  miners  to  abandon 
the  comparatively  brilliant  light  of  the  torch  for  the  feeble  phosphores- 
cence of  fish  scales  and  the  scarcely  less  feeble  scintillations  of  the  steel 
mill.  While  our  modern,  ventilated  coal  mines  are  probably  much  less 
gassy  than  the  unventilated  mines  of  the  thirteenth  century,  nevertheless 
safety  is  just  as  essential  now  as  it  was  then,  and  it  has  been  proved  that 
miniature  electric  lamps  can  ignite  gas  if  broken  under  certain  conditions 
obtainable  in  practice.  Therefore,  portable  electric  lamps  should  be 
provided  with  proper  safeguards. 

Acting  upon  the  principle  that  the  greatest  progress  can  be  made  by 
common  efforts  to  the  same  end,  the  Bureau  has  attempted  to  further 
the  cause  of  the  portable  electric  lamp  by  acting  as  a  sort  of  "go-between" 
for  the  miners  and  the  manufacturers  in  the  work  of  preparing  specifica- 
tions that  will  represent  the  kind  of  lamp  that  will  give  the  service  required 
by  the  miners.  I  wish  here  to  acknowledge  the  great  assistance  that  the 
manufacturers  have  given  to  the  Bureau,  and  to  state  that  they  have  at 
all  times  manifested  that  spirit  of  co-operation  without  which  progress 
is  impossible. 

The  Bureau  would  also  like  the  co-operation  of  this  Institute  in  the 
matter  of  examining  and  criticising  these  specifications,  which  will  be  sent 
to  any  member  interested. 

Discussion 

George  S.  Rice,  Pittsburg,  Pa. — On  behalf  of  the  mining  division 
of  the  Bureau  of  Mines,  I  want  to  heartily  concur  in  what  Mr.  Clark  has 
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said,  and  to  emphasize  that  in  the  introduction  of  the  miner's  portable 
electric  hunps  of  permissible  type  there  will  be  a  very  great  gain  for 
safety,  not  alone  in  coal  mining,  where  there  is  a  possibility  of  the  ignition 
of  fire  damp,  but  also  in  metal  mines,  where  there  is  a  possibility  of  causing 
fires  through  open  lights.  As  the  matter  stands  at  the  present  time,  it 
may  be  some  time  before  we  can  expect  to  see  the  open  lamps  in  metal 
mines  supplanted,  but  I  hope  it  is  not  so  far  off  in  the  case  of  either  gase- 
ous or  non-gaseous  coal  mines.  Safety  lamps,  as  compared  with  the 
electric  cap-lamp,  are  cumbersome  and  present  elements  of  danger  in 
careless  hands.  The  proper  place  in  coal  mines  for  safety  lamps  is,  as  I 
see  it,  only  for  the  testing  of  gas,  and  it  may  be  that  in  the  near  future  we 
will  have  better  means  for  testing  for  gas  than  this. 

The  number  of  accidents  that  occur  from  open  lights  in  coal  mines  is 
surprising.  Unfortunately,  the  mining  statistics  which  are  gathered  by 
the  various  States  do  not  bring  this  out  clearly,  but  in  Great  Britain  in 
certain  districts  where  they  gather  figures  giving  the  cause  of  accidents 
from  explosions  and  fires  in  open-lamp  mines  and  safety-lamp  mines,  90 
per  cent,  of  such  accidents  have  arisen  from  the  use  of  the  open  light. 

In  the  matter  of  the  introduction  of  electricity  in  mines,  although 
it  has  proved  of  great  commercial  benefit,  I  think  it  must  be  admitted 
that  it  has  increased  the  hazards  of  mining,  in  the  case  of  coal  mines,  from 
the  ignition  of  fire  damp,  by  the  trolley  or  grounding  of  power  lines,  and  in 
both  the  coal  and  metal  mines,  as  a  source  of  ignition  of  fires.  But 
electricity  is  so  convenient  we  would  not  like  to  be  without  it,  and  the 
best  thing  to  do  is  to  make  it  as  safe  as  we  can. 

I  think  that  one  of  the  points  which  will  need  the  attention  of  the 
electrical  engineers  is  as  to  the  use  of  insulation  for  underground  power 
wires.  Abroad  that  is  required.  In  this  country  it  is  not,  and  it  has 
been  constantly  brought  to  my  attention,  from  the  reports  of  accidents, 
that  if  the  wires  had  been  insulated  perhaps  the  accident  would  not  have 
occurred.  I  have  in  mind  one  recent  investigation  which  developed  that 
in  all  probability  an  explosion  of  fire  damp  was  caused  by  a  wire  grounding 
from  a  piece  of  slate  having  fallen  on  the  bare  power  line,  and  carried  it 
down  so  that  it  grounded  against  the  rail. 

There  is  one  point  I  might  speak  of  in  Mr.  Clark's  paper,  which  I 
think,  perhaps,  might  give  an  impression  different  from  what  he  meant. 
He  referred  to  the  fact  that  the  Bureau  would  take  up  tests  of  the  ignition 
of  coal  dust  when  we  had  funds.  He  undoubtedly  meant  the  study  of 
different  electrical  means  of  igniting  coal  dust,  because  for  the  last  three 
or  four  years  the  Bureau  has  been  gathering  samples  of  coal  dust  in  coal 
mines  throughout  the  country  and  testing  them  in  laboratory  apparatus 
which  employs  electricity  for  ignition,  for  determination  of  their  relative 
inflammability.  Regarding  the  latter  we  have  not  yet  reached  conclu- 
sions, but  do  find  very  marked  variations  in  inflammability  in  different 
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coal  dusts^  apart  from  the  ash  contents.  Sometimes  coal  dusts  from  the 
same  district  and  giving  about  the  same  approximate  analysis  differ  very 
markedly.  The  physical  characteristics,  the  grouping  of  the  molecules 
pf  the  coal,  and  the  relative  presence  of  spores  all  may  be  factors.  The 
interrelation  of  the  chemical  constituents  is  very  complicated.  The 
nearest  parallel  to  the  comparative  inflammability  I  can  observe  is  in 
the  relative  heat  value  of  the  coal,  rather  than  in  the  presence  of  oxygen 
as  a  constituent  of  the  coal  or  in  the  different  proportions  of  its  hydro- 
carbons, with  the  exception  that  Pennsylvania  anthracite  dust  is  not  ex- 
plosive. The  study  is  a  very  useful  one  in  following  up  the  propagation 
of  mine  explosions.  For  example,  in  the  case  of  a  recent  disaster  in 
New  Mexico,  we  had  samples  gathered  at  all  the  points  where  the  ex- 
plosion died  away,  and  it  is  very  interesting  to  see  that  the  results  in 
these  laboratory  inflammability  tests  compare  very  closely  with  relative 
violence  or  checking  of  the  explosion  in  the  mine  in  the  respective  dis- 
tricts where  the  samples  were  gathered.  On  a  large  scale  we  make  some- 
what similar  tests  at  the  experimental  coal  mine  near  Pittsburg,  in 
explosion  experiments.  Different  mixtures  of  dust  are  tried,  an  inert 
dust  being  mixed  with  the  coal  dust,  to  observe  how  much  the  inflam- 
mability is  reduced. 

E.  Gybbon  Spilsbury,  New  York,  N.  Y. — ^I  would  like  to  ask  Mr. 
Clark  how  far  the  development  of  the  electric  lamp  has  been  carried,  and 
also  if  the  weight  has  been  reduced  in  comparison  with  the  weight  of  the 
ordinary  safety  lamp  used  in  the  coal-mining  district. 

H.  H.  Clark. — In  reply  to  Mr.  Spilsbury's  question,  with  reference 
to  the  development  and  the  weight  of  the  electric  lamp,  I  will  say  that  the 
development  of  the  electric  lamp  is  now  in  its  infancy.  We  have  been 
at  work  in  collaboration,  so  to  speak,  with  the  manufacturers  something 
over  a  year  and  a  half.  I  do  not  know  that  we  can  say  that  any  lamp  is 
completely  developed,  although  some  are  very  nearly  so,  and  I  believe 
that  there  will  shortly  be  on  the  market  a  practical,  eflScient,  and  safe 
lamp,  that  will  meet  the  requirements  of  the  authorities,  that  will  weigh 
in  the  vicinity  of  3|  lb.,  and  that  will  give  a  good  deal  more  light  than 
the  safety  lamp  will.  The  light  will  also  be  disposed  in  a  better  way,  so 
that  a  man  can  easily  see  the  roof  or  the  sides  or  the  floor  of  the  mine,  or 
concentrate  the  light  by  being  able  to  put  his  head  closer  to  the  part  he 
wishes  to  see.  The  development  is  proceeding  rapidly,  when  everything 
is  considered. 

There  are  a  number  of  different  manufacturers  working  on  the 
problem,  and  all  of  them  seem  to  be  making  headway;  they  will  finally 
develop  an  article  that  will  be  strong,  substantial  and  give  a  satisfactory 
amount  of  light,  a  lamp  which  will  stand  up  under  service. 

E.  Gybbon  Spilsbury, — What  is  the  weight  of  the  ordinary  safety 
lamp? 
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H.  H.  Clabk. — I  am  not  positive,  I  think  it  is  about  3  or  3}  lb. 

G.  S.  Rice. — When  the  safety  lamps  are  made  of  aluminum,  they 
weigh  from  3i  to  4  lb.,  but  the  ordinary  miners'  safety  lamp  is  made  of 
brass  and  this  weighs  from  5  to  5}  lb. 

The  fact  might  be  brought  out  that  a  type  of  electric  lamp  which  seems 
to  be  favored  in  this  country  is,  not  the  hand  lamp,  but  a  cap  type  of 
lamp,  with  a  cord  going  down  at  the  back  to  the  battery,  which  is  carried 
by  a  waist  belt,  thus  presenting  advantages  over  the  safety  lamp  carried 
by  hand,  which  makes  a  man  one-handed,  or,  if  he  hangs  the  lamp  from 
his  clothing  or  belt,  there  is  danger  of  breaking  the  glass  chimney  of  the 
safety  lamp. 

B.  F.  TiLLsoN,  Franklin  Furnace,  N.  J. — I  would  ask  Mr.  Clark 
whether  the  Ught  in  the  lamp  to  which  he  refers  is  supplied  by  a  storage 
battery,  or  is  the  lamp  of  a  type  which  was  more  recently  developed,  in 
which  electrodes  of  carbon,  zinc  or  other  metals  are  used  in  primary 
batteries.  There  has  come  to  my  attention  a  lamp  which  uses  different 
electrodes,  which  electrodes  require  replacement  each  shift.  That  type 
of  lamp  seems  to  be  lighter  than  the  storage-battery  lamps  which  we  have 
tried. 

We  have  tried  lamps  in  metal  mining  chiefly  for  the  use  of  men  in  the 
powder  house  and  of  the  men  who  are  priming  the  sticks  of  powder,  so  as 
to  avoid  any  naked  lights  or  lanterns  under  such  conditions.  The  lamps 
of  a  storage-battery  type  which  we  have  tried  have  been  too  heavy  for 
cap  lamps  or  workmen's  lanterns.  We  have  seen  some  in  which  they 
used  electrodes,  and  changed  the  electrodes  each  shift,  which  were  lighter. 
I  do  not  know  what  would  be  the  limit  in  the  reduction  of  weight  in  future 
designs  of  a  primary-cell  type. 

H.  H.  Clabk. — The  lamp  I  had  more  particular  reference  to  was  a 
lamp  of  the  storage-battery  type.  There  have  been  attempts  made  to 
develop  a  primary-battery  lamp,  and  I  hope  they  may  be  successful 
eventually.  The  primary-battery  lamp  will  probably  be  a  little  lighter 
than  the  storage-battery  lamp. 

The  lamp  I  had  in  mind  when  speaking  a  few  moments  ago  was  the 
cap  type  of  lamp  which  is  used  by  most  of  the  miners  in  the  Western 
Pennsylvania  field.  The  hand  type  of  lamp  will  probably  weigh  more 
than  the  cap  type  of  lamp,  but  will  give  more  light  than  the  cap  type 
of  lamp.  The  casing  will  be  made  heavier.  Probably  an  electric  hand 
lamp  wiD  w«gh  from  4  to  5  lb.,  depending  on  the  amount  of  light  the 
lamp  is  to  give,  or  the  length  of  time  that  the  lamp  is  required  to  pro- 
duce that  light. 

The  cap  type  of  lamp  I  refer  to  as  weighing  3^  lb.  was  a  storage-bat- 
tery equipment,  although,  as  Mr.  Tillson  suggests,  there  are  one,  or  pos- 
sibly two,  primary-battery  lamps  which  are  now  in  the  midst  of  their 
development. 


224       THB  APPLICATION  OF  ELECTBIC  MOTORS  TO  SHOVELS 


The  Application  of  Electric  Motors  to  Shovels 

BT  H.   W.   ROQEBS,   SCHENECTADY,   N.   T. 
(New  York  Meeting.  February,  1914^ 

The  jBjst  steam  shovels  used  in  this  country  were  built  by  the  Otis 
Company,  of  Boston,  about  50  years  ago,  but  as  they  were  of  very  crude 
construction  and  rather  unsuccessful  only  a  few  were  built. 

For  possibly  10  years  prior  to  1884  successful  steam  shovels  were 
made  and  used  on  certain  classes  of  work,  but  it  was  not  until  that  time 
that  they  were  manufactured  in  quantities  and  began  to  play  an  im- 
portant part  in^all  classes  of  excavation.  From  that  time  up  to  the  pres- 
ent day  there  have  been  gradual  but  continuous  improvements  on  the 
original  shovel,  not  only  in  the  mechanical  construction,  but  also  in  the 
design  of  boilers  and  engines  which  are  best  adapted  to  this  class  of  service. 

In  proposing  a  change  from  steam  to  electric  operation  we  have  to  deal 
with  a  steam  equipment  which  has  not  only  proved  its  worth  but  has 
probably  reached  its  highest  stage  of  development  and  efficiency.  That 
the  electric  shovel  is  a  possibility  cannot  be  denied,  as  at  present  from 
12  to  18  shovels  are  in  operation  in  this  country.  These  shovels  may  be 
divided  into  three  classes:  the  friction  electric,  which  is  operated  by  a 
single  constant-speed  motor  with  friction  clutches;  the  three  or  four 
motor  direct-current  equipment,  and  the  three  or  four  motor  alternating- 
current  equipment.  It  is  the  second  and  third  classes  that  I  wish  to  deal 
with,  as  the  first  class  does  not  compare  favorably  with  the  steam  shovel 
so  far  as  speed  is  concerned,  although  it  may  be  operated  as  cheaply. 

There  is  probably  no  other  class  of  machinery  that  presents  a  duty 
cycle  as  severe  as  that  of  the  shovel,  which  is  very  short,  varying  from 
7  to  12  sec.  on  the  hoist,  from  7  to  12  sec.  on  the  thrust,  and  from  10  to 
18  sec.  on  the  swing,  making  a  complete  cycle  in  from  17  to  30  sec,  and 
the  motor  to  meet  these  requirements  must  have  a  sufficiently  low  arma- 
ture inertia  to  permit  of  rapid  acceleration  and  quick  reversals  under 
small  power.  It  should  also  be  a  motor  of  rugged  design,  as  it  must  be 
subjected  to  severe  overloads  and  shocks  and  frequent  reversals.  This  is 
especially  true  of  the  hoist  motors  and,  to  a  lesser  degree,  of  the  swing 
motor;  the  thrust  motor  being  practically  stalled  during  the  digging 
operation,  although  it  may  revolve  or  overhaul,  according  to  conditions, 
and  is  operated  at  full  speed  only  after  the  hoisting  operation  is  completed. 
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Fig.  1  IB  a  view  of  a  30-h.p.  motor  operating  the  thrust  on  a  65-toD  electric 
shovel. 

In  the  case  of  the  hoist,  considerable  advantage  may  be  giuned  by 
using  two  motors  of  small  capacity  instead  of  one  large  motor,  as  the  power 
required  for  accelerating  is  much  less.  For  example,  assume  a  shovel  that 
requires  a  150-h.p.,  425  rev.  per  minute  motor  for  the  hoisting  operation; 
this  motor  requires  117  h.p.  torque  to  bring  it  to  speed  in  1  sec,  whereas 
if  we  substitute  two  75-h.p.,  500  rev.  per  minute  motors  in  place  of  it, 
each  motor  requiring  32.3  h.p.  torque  to  bring  it  to  speed  in  1  sec.,  or 
64.6  b.p.  torque  to  bring  both  motors  to  speed  in  1  sec,  there  would  be  a 
saving  of  45  per  cent,  in  the  power  required  to  accelerate  the  motors 


Fio.  1. — 30-H.P.  Sebieb  Motob  and  Controller  OpER&TiNa  the  Thbubt  on  a 
66-TON  Electeic  Sbovbl. 

alcme.  A  plan  showing  the  beet  method  of  locating  and  gearing  motors 
to  hoist  and  swing  machinery  is  given  in  Fig.  2. 

Although  there  may  be  some  demand  for  equipments  to  operate  on 
direct-current  circuits,  the  greater  part  will  be  required  to  operate  on 
alternating-current  circuits  at  60  cycles,  and  the  question  naturally  arises 
aa  to  whether  the  direct-current  series  motor  with  motor-generator  set 
or  the  alternating-current  motor  with  transformers  should  be  used. 

VOL.  H.VIII, — 15 


226  THE  APPLICATION  OF  ELECTBIC  UOTOBS  TO  SHOTKLB 

This  question  has  been  the  subject  of  considerable  discussion  and  there 
still  exists  a  diiference  of  opinion  as  to  whether  the  direct-current  series 
motor  or  the  slip-ring  induction  is  best  adapted  to  this  service.  As  a 
means  of  comparison  the  accompanying  curves,  Fig.  3,  have  been  plotted 
between  speed  and  torque,  and  between  speed  and  kilowatts  input,  on 
two  80-h.p.,  500  rev.  per  minute,  direct-current  series  motors  operating 
in  multiple  and  two  150-h.p.,  450  rev.  per  minute,  60-cycIe,  slip-ring 
induction  motors  operating  in  multiple.  These  curves  are  based  on  a 
gear  ratio  of  3.31  to  1.0  on  the  direct-current  motors  and  a  gear  ratio  of 
1.45  to  1.0  on  the  induction  motors,  the  torque  values  given  applying  to 


the  back  shafts,  which  correspond  to  the  bull-pinion  shaft  on  the  steam 
engine. 

In  laying  out  an  electric  shovel  drive  there  are  really  four  things  to 
be  considered:  namely,  the  speed  at  maximum  torque,  the  speed  at  light 
load,  the  power  required  by  the  motor,  and  the  gear  ratio.  An  increase 
in  the  gear  ratio  results  in  a  decrease  in  power  at  both  light  and  heavy 
loads,  an  increase  in  the  speed  at  heavy  loads,  and  a  decrease  in  the  speed 
at  light  loads,  and  taking  all  of  these  variables  into  consideration  the 
gear  ratios  given  above  seem  to  be  the  most  satisfactory. 

The  direct-current  series  motor  has  the  characteristics  of  the  steam 
engine,  in  that  it  gives  its  heaviest  torque  on  starting,  speeds  up  under 
light  loads,  and  slows  down  under  heavy  loads.  It  is  much  easier  to 
control  and  requires  considerably  less  apparatus,  in  so  far  as  the  control 
is  concerned,  than  the  alternating-current  equipment.     This  character- 
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istic  is  clearly  shown  on  the  curve,  which  represents  a  five-point  control, 
four  of  these  points  being  used  to  cut  out  the  armature  resistance  and  the 
fifth  to  weaken  the  series  field,  which  results  in  a  very  high'  light-load 
speed. 

With  the  alternating-current  slip-ring  motor  it  is  impossible  to  obtain 
the  maximum  torque  on  starting;  and  the  light-load  speed,  which  is  very- 
important,  is  limited  by  the  synchronous  speed.  The  only  means  of 
improving  this  disadvantage  isto  reduce  the  gear  ratio  or  use  a  higher- 
speed  motor,  either  of  which  methods  would  mean  an  increase  in  the 
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Fig.  3. — Comparison  of  Speed-Torque  and  Speed-Power  Curves  on  Direct- 
Current  Series  and  Alternating-Current  Slip-Ring  Motors. 

capacity  of  the  motors  and  an  increase  in  the  inertia,  which  would  result 
in  an  increase  in  the  power  required  and  a  slower  acceleration,  both  of 
which  are  undesirable.  This  feature  will  be  appreciated  from  the  follow- 
ing data  applying  to  the  motors  used  in  plotting  the  curves. 


Two  80-h.p.,  500  rev.  per  min. — series 

Two  150-b.p.,  450  rev.  per  min. — induction        2,480 


Per  cent. 

Torque  to 

Diameter 

bring  to 

Total  WR« 

Rotor 

Speed  in 

Inches 

Sec. 

444 

16 

43 

;tion        2,480 

30 

98 
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Under  this  condition  the  natural  result  is  a  much  larger  kilovolt-ampere 
capacity  in  transformers  for  the  induction  motors  than  kilowatt  capacity 
of  motor-generator  set  for  the  direct-current  motors. 

The  saving  in  operating  expense  of  the  electric  shovel  over  the  steam 
shovel  will  depend  somewhat  upon  the  comparative  cost  of  coal  and 
electric  power  and  will  vary  for  different  loc^ties,  but  it  should  be  re- 
membered that  the  electrically  operated  shovel  eliminates  the  fireman, 
the  watchman,  the  coal  passer,  teaming  for  ^  day,  the  use  of  water,  and 
considerable  waste.  The  natural  increased  wear  and  tear  of  parts  having 
a  transverse  motion  as  compared  with  those  having  rotary  motion  and 
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Fia.  4. — Curve  Showing  Compabattvb  Cost  of  Coal  and  Electbic  Power. 

the  elimination  of  boiler  trouble  should  also  be  considered.  Fig.  4  shows 
graphically  the  comparative  cost  of  coal  and  electric  power. 

As  an  illustration  consider  a  120-ton  shovel  which  is  ordinarily 
equipped  with  a  5  cu.  yd.  dipper  and  has  an  average  capacity  of  approxi- 
mately 2,500  cu.  yd.  per  10-hr.  day.  This  capacity  is  based  on  an  aver- 
age working  time  of  55  per  cent,  and  an  average  dipper  capacity  of  3f 
cu.  yd.,  or  75  per  cent. 

With  a  good  grade  of  coal  the  steam  shovel  will  require  approximately 
3}  tons  per  8-hr.  shift  and  will  make  an  average  of  two  complete  cycles 
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per  minute.  For  the  purpose  of  comparison,  however,  the  maximum 
capacity  of  the  shovel  is  taken;  i.e.,  three  cycles  per  minute.  Under  these 
conditions  either  the  steam  or  the  electric  shovel  will  have  a  total  working 
time  during  one  shift  of  8  X  60  X  0.55  »  264  min.,  during  which  time  it 
will  make  264  X  3  =  792  complete  cycles,  and  will  handle  792  X  3}  =  2,970 
cu.  yd.  of  material. 

The  direct-current  shovel  would  be  equipped  with  two  80-h.p.,  500 
rev.  per  minute,  230-volt  series  motors  on  the  hoist,  one  40-h.p.,  550  rev. 
per  minute,  230-volt  series  motor  on  the  swing,  one  60-h.p.,  550  rev.  per 
minute,  230-volt  series  motor  on  the  thrust,  and  one  150-kw.,  900  rev. 
per  minute,  250-volt  direct-current  generator  direct  connected  to  a  225- 
h.p.,  900  rev.  per  minute,  2,200-volt  induction  motor,  with  four-point 
reversible  automatic  control  on  each  motor. 

The  estimated  power  consumption  during  each  cycle  will  be  as  follows: 

Kw-eeoonds 

Hoisting 1,379 

Swinging 622 

Crowding 647 

Total 2,448  =»  0.68  kw-hr. 

792  X  0.68  =  539  kw-hr.  input  to  the  motors  per  8-hr.  shift,  or,  tak- 
ing into  account  the  efficiency  of  the  motor-generator  set,  657 
kw-hr.  per  8-hr.  shift. 

As  the  shovel  is  working  only  55  per  cent,  of  the  time,  the  motor- 
generator  set  will  be  running  light  45  per  cent,  of  the  time,  or  8  X  60  X 
0.45  =  216  min. 

The  power  consumption  on  the  set  when  running  light  will  be  approxi- 
mately 16.77  kw. 

^^   -  -  =  60.4  kw-hr.  loss  per  8-hr.  shift. 

657  +  60.4  =  717.4  kw-hr.  total  power  consumption  per  8-hr.  shift 
when  working  under  the  maximum  cycle. 

717.4 

2  Q70  ~  0.241  kw-hr.  per  cubic  yard  excavated. 

The  alternating-current  shovel  would  be  equipped  with  two  150-h.p., 
450  rev.  per  minute,  440-volt  motors  on  the  hoist,  one  50-h.p.,  720  rev. 
per  minute,  440-volt  motor  on  the  swing,  one  75-h.p.,  600  rev.  per 
mm.,  440-volt  motor  on  the  thrust,  and  three  125  kilovolt-ampere, 
2,200-480-volt  transformers,  with  five-point  reversible  automatic  control 
on  each  motor. 

The  estimated  power  consumption  during  each  cycle  will  be  as 
follows: 


« 
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Kw-secondB 

Hoisting 2,040 

Swinging 759 

Crowding 750 


Total 3,549  =  0.987  kw-hr. 

792  X  0.987  =  782  kw-hr.  input  to  the  motors  per  8-hr.  shift,  or, 
taking  into  account  the  efficiency  of  the  transformers,  796  kw-hr. 
per  8-hr.  shift. 
The  no-load  losses  on  the  transformers  will  be  approximately 

216  X  3.6 


60 


=  13.0  kw-hr.  loss  per  8-hr.  shift. 


796  +  13  =  809.0  kw-hr.  total  per  8-hr.  shift. 
2^Q70  ~  0-273  kw-hr.  per  cubic  yard  excavated. 

Labor  per  shift  Steam  Electric 

Shovel  runner S6.00  f6.00 

Craneman 4.00  4.00 

Fireman 2 .  50             

Six  pitmen  at  $1.75 10.60  10.50  * 

One  watchman 1 .  75             

One  coal  passer 1 .  50             

Teaming  (}  day)     2 .  50             

Oil  and  waste 1 .  50  .75 


Total $30.25  $21 .25 

Saving,  electric  over  steam 21 .  25 


$9.00  per  shift. 

For  convenience  in  comparing  the  costs  of  operation  on  steam  and 
electric  shovels  the  costs  are  all  reduced  to  a  day  basis. 

Electric 


Equivalent 


Steam 

Interest  at  6  per  cent $5 .  20 

Depreciation  at  4}  per  cent 4.03 

Repairs  at  10  per  cent 8 .  66 

Repairs  at  6  per  cent 

Labor  per  shift 30.25 


Direct 
Current 

Alternating 
Current 

$7.75 
6.00 

$10.85 
8.43 

7.75 
21.25 

10.85 
21.25 

Total  cost  per  shift $48.14  $42.75  $51.38 

It  has  been  assumed  that,  owing  to  weather  conditions,  delays,  etc., 
the  shovel  working  year  consists  of  150  days  and  the  above  figures  are 
based  on  this  assumption;  also  that  the  shovel  is  only  working  one  shift 
a  day. 
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If  the  shovel  works  three  shifts  a  day  instead  of  one  shift  a  day,  the 
interest  and  depreciation  will  remain  the  same,  provided  the  shovel  is 
kept  in  repair.  It  is  reasonable  to  assume  that  the  repairs  will  increase 
when  working  three  shifts,  but  not  in  direct  proportion;  therefore  this 
item  has  been  increased  50  per  cent. 


Electric 


Steam 

Interest  at  6  per  cent $5.20 

Depreciation  at  4f  per  cent 4 .  03 

Repairs  at  15  per  cent 13 .  00 

Repairs  at  9  per  cent 

Labor  (three  shifts) 90.75 

Total  cost  (three  shifts) $112.98 


Direct 
Current 

$7.75 
6.00 

11.63 
63.75 

$89.13 


Equivalent 

Alternating 

Current 

$10.85 
8.43 

16.28 
63.75 

$99.31 


Disregarding  the  cost  of  coal  and  electric  power,  the  saving  of  the 
direct-current  shovel  over  the  steam  shovel  would  be  $810  per  year  for 
one-shift  operation  and  $3,580  per  year  for  three-shift  operation. 

The  alternating-current  shovel  when  working  one  shift  a  day  would 
show  a  loss  of  $486  per  year.  On  the  other  hand,  if  this  shovel  worked 
three  shifts  a  day  it  would  show  a  saving  of  $2,050.50  per  year.  Any 
greater  saving  than  that  shown  would,  of  necessity,  depend  upon  the 
comparative  cost  of  coal  and  electric  power,  but  as  this  is  varifible  it 
can  only  be  shown  by  means  of  a  curve,  as  indicated  in  Fig.  3,  or  by  deal- 
ing with  each  case  individually. 

Disregarding  the  cost  of  fuel,  it  is  evident  that  the  electric  shovel  is 
a  better  proposition  than  the  steam  shovel;  that  the  direct-current  equip- 
ment is  far  superior  to  the  alternating-current  equipment;  and  that  the 
saving  in  operating  expense  will  warrant  the  increased  investment. 

The  control  on  either  the  direct  or  the  alternating  current  equip- 
ment is  reversible  and  entirely  automatic,  all  panels  being  equipped  with 
automatic  acceleration,  the  hoist  and  crowd  panels  being  also  equipped 
with  a  "jam"  relay  which  inserts  resistance  in  the  circuit  in  case  of  very 
heavy  overloads  but  does  not  open  the  circuit,  the  resistance  being 
automatically  cut  out  again  by  the  same  relay  when  the  overload  dis- 
appears. The  master  controllers  are  located  similar  to  the  operating 
levers  on  a  steam  shovel,  so  that  a  steam  operator  will  be  entirely  at 
home  on  an  electric  shovel.  A  view  of  the  interior  of  a  65-ton  shovel, 
showing  the  control  panel  and  the  air  compressor,  is  given  in  Fig.  5. 

Fig.  6  is  a  graphic  recording  ammeter  chart  showing  the  current  input 
to  a  65-ton  electric  shovel  during  six  complete  cycles  of  operation.  A 
similar  chart  for  a  120-ton  shovel  is  shown  in  Fig.  7. 
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In  selecting  a  ehovel  equipment  it  should  be  remembered  that  al- 
though it  is  possible  to  operate  with  alternating  current,  it  is  cheaper 
to  use  the  direct-current  equipment,  even  with  a  motor-generator  set, 
and  have  an  outfit  which  more  nearly  approaches  the  characteristics 
of  the  steam  shovel,  and  has  much  simpler  control  apparatiis  and  requires 
considerably  less  power  to  operate  it  than  the  alternating  equipment 


Fio.  5. — Interior  View  of  65-ton  Electric  Shovel. 

with  transformers.  In  addition  to  this,  any  chaise  in  the  frequency 
would  mean  a  complete  change  in  the  equipment  of  an  alternating-cur- 
rent shovel  while  it  would  mean  only  a  change  in  the  induction  motor 
of  the  motor-generator  set,  with  possibly  a  change  in  the  generator 
fields,  on  a  direct-current  equipment. 

DiSGITSSION     ' 

William  Kelly,  Vulcan,  Mich. — This  is  certainly  a  very  interesting 
paper,  for  the  application  of  electricity  to  steam-shovel  work  is  perhaps 
one  of  the  most  difficult  of  its  applications.  The  full  load  comes  on  at 
oniJe,  ia  of  very  brief  duration,  and  then  the  operation  must  come  to  rest. 
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The  control  must  be  positive,  for  if  the  moving  parts  go  too  far  there 
is  disaster.  To  control  such  a  machine  by  electricity  is  exceedingly 
difficult.     I  would  like  to  ask  where  electric  shovels  are  in  operation. 

H.  W.  Rogers. — There  are  three  four-motor  direct-current  shovels 
at  the  Empire  Limestone  Co.'s  quarry,  Sanborn,  N.  Y.;  one  four-motor 
alternating-current  shovel  operated  by  the  Acton  Rock  Co.,  Los  Angeles, 
CaL;  one  three-motor  alternating-current  shovel  owned  by  the  United 
States  Reclamation  Service,  near  Fallon,  Nev. ;  one  three-motor  alternat- 
ing-current shovel  at  the  Granite  Quarries,  Ltd.,  Vancouver,  B."C.,  and 
several  smaller  friction  electric  shovels  owned  by  the  Ontario  Power 
Co.,  the  Los  Angeles  Aqueduct  Co.,  the  Milwaukee  Electric  Railway  Co., 
and  the  Chautauqua  Traction  Co. 

E.  Gybbon  Spilsbury,  New  York,  N.  Y. — I  would  like  to  ask  whether 
the  adoption  of  the  motor-generator  system,  with  heavy  fly  wheel,  has 
been  thought  of  in  connection  with  this  work.  It  is  used  in  hoisting  work 
in  mines  where  the  same  conditions  of  stoppage  and  starting  of  heavy 
loads  obtain.  If  a  motor-generator  set  was  put  on  the  shovel,  would  not 
the  intense  peaks  be  more  or  less  cut  down? 

H.  W.  Rogers. — ^The  line  peaks  would  undoubtedly  be  reduced  by 
using  a  fly-wheel  motor-generator  set  with  Ward-Leonard  control,  but 
calculations  which  I  have  recently  made  on  a  120-ton  shovel  equipped 
with  a  four-unit  fly-wheel  set  show  that  the  space  occupied  by  the  boiler 
and  water  tanks  (approximately  15  by  9  ft.)  is  not  sufficient,  as  the  motor- 
generator  set  requires  approximately  25  ft.  In  addition  to  this  such  an 
equipment  would  be  too  expensive  to  consider. 

Thokas  T.  Read,  New  York,  N.  Y. — What  are  the  chief  advantages 
and  drawbacks  of  the  electric  equipment  as  compared  with  steam-shovel 
work?  One  of  the  chief  items  of  cost  in  shovel  work  in  mining  is  lost 
time,  and  I  was  wondering  what  effect  the  electric  equipment  would  have 
on  that  as  compared  with  steam. 

H.  W.  Rogers. — The  chief  advantages  of  the  electric  shovel  are 
lower  operating  cost  and  reduction  in  lost  time  due  to  fewer  repairs  and 
breakdowns.  The  only  disadvantage  is  the  increased  initial  cost,  which 
should  not  be  considered  apart  from  the  operating  expense.  Whether 
a  shovel  is  steam  or  electrically  operated  should  not  affect  the  spotting 
of  cars  and  although  the  shovel  may  be  idle  during  this  process  it  is  not 
using  any  power  if  it  is  electrically  operated. 

WiiiiiiAM  Kelly. — There  would  be  a  saving  in  power,  and  there  would 
also  be  a  saving  in  the  number  of  men  used  for  operating  the  shovel. 
Are  any  of  these  shovels  operated  with  one  man? 

H.  W.  Rogers. — So  far  as  I  know,  all  existing  electric  shovels  require 
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two  operators,  although  the  service  of  the  fireman,  the  watchman,  the 
coal  passer,  a  team  for  one-half  day,  and  considerable  oil  and  waste  are 
eliminated.  In  addition  to  this  thSe  may  be  a  further  saving  in  power 
consumption,  but  this  will  depend  entirely  on  the  comparative  cost  of 
coal  and  power. 

F.  H.  Armstrong,  Vulcan,  Mich. — I  gather  from  your  paper  that  you 
prefer  the  direct-current  shovel.  How  would  you  advise  a  company 
equipped  only  with  alternating  current  tb  handle  this  electric-shovel 
proposition? 

H.  W.  Rogers. — That  question  is  treated  on  the  last  two  pages  of 
the  paper.  I  recommend  the  use  of  direct-current  series  motors  with  a 
motor  generator,  as  the  characteristics  of  the  series  motor  very  nearly 
approach  those  of  the  steam  engine.  I  do  not  claim  that  it  is  impos- 
sible to  operate  a  shovel  with  alternating-current  motors,  but  that  it  re- 
quires motors  of  from  50  to  100  per  cent,  larger  capacity  than  the  direct 
current  to  accomplish  the  same  results  and  with  an  increase  in  power 
consumption. 

F.  H.  Armstrong. — I  understood  you  to  say  there  was  not  room  on 
the  shovel  for  a  motor-generator  set? 

H.  W.  Rogers. — My  answer  to  Mr.  Spilbury's  question  was  in  refer- 
ence to  Ward-Leonard  control  with  a  four-unit,  fly-wheel,  motor-generator 
set,  which  cannot  be  mounted  on  a  standard  shovel  on  account  of  insuffi- 
cient space. 

F.  H.  Armstrong. — What  I  will  have  to  say  now  really  is  not  in  dis- 
cussion of  the  paper  under  consideration,  because  it  is  a  somewhat  differ- 
ent shovel,  but  in  a  sense  it  is  an  indirect  discussion  of  it.  I  refer  to  an 
electric  shovel  which  our  company  in  Michigan  is  now  constructing. 

It  has  only  one  motor,  and  is  a  combination  of  an  electric  and  a  hy- 
draulic operation.  The  motor  drives  a  centrifugal  pump,  which  pumps 
water  to  a  pressure  of  250  lb.  into  a  pressure  tank,  above  which  is  an 
air  tank,  to  allow  storage  of  power,  and  the  water  is  carried  to  cylinders, 
one  large  plunger  cylinder  for  the  hoist,  a  smaller  double-acting  cylinder 
for  the  swing,  with  a  rope  from  either  end  up  to  each  side  of  the  swing 
circle,  and  cylinders  on  the  sides  of  the  boom,  double  acting,  for  the  thrust. 
We  have  only  just  built  this  shovel,  and  have  not  had  it  in  the  ore  pile, 
and  cannot  say  how  it  will  work,  but  we  have  tried  it  out  otherwise  with 
fairly  satisfactory  results,  as  far  as  we  can  tell. 

Walter  Ferris,*  So.  Milwaukee,  Wis.  (communication  to  the 
Secretary  t). — Mr.  Rogers's  article  seems  to  the  present  writer  to  give  a 
very  incomplete  idea  of  the  actual  present  state  of  development  of  the 
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electric  excavator.  In  brief,  after  classifying  electric  shovels  into  various 
types  he  proceeds  with  an  argument  to  show  the  advantages  of  direct- 
current  machinery  over  alternating-current  machinery  without  calling 
attention  to  the  large  preponderance  of  alternating-current  machines  now 
in  actual  service.  I  have  not  the  exact  figures  of  the  number  of  electric 
excavators  put  out  by  other  concerns,  but  it  seems  a  proper  statement  to 
make  here  that  during  the  last  two  and  one-half  years  tie  Bucyrus  Co. 
alone  has  built  17  electric  shovels  and  drag  lines,  all  of  which  have  been 
equipped  with  alternating-current  motors  with  the  exception  of  one  small 
revolving  shovel  and  one  medium-sized  drag  line.  The  only  reason  for 
these  exceptions  is  that  alternating  current  was  not  available  where  these 
machines  were  to  be  used  and  we  do  not  consider  the  advantage  of  alter- 
nating current  over  direct  current  sufficient  to  justify  putting  in  a  motor- 
generating  set  to  obtain  alternating  current. 

We  do,  however,  believe  that  alternating-current  equipment  is  dis- 
tinctly superior  to  direct,  not  only  because  of  the  great  advantage  in  sim- 
plicity of  mechanism,  but  because  the  characteristics  of  wound  rotor 
induction  motors  are  better  adapted  to  shovel  service  than  are  the  char- 
acteristics of  series  motor.  The  ability  of  a  series  motor  to  run  up  to 
high  speed  under  small  loads  has  scarcely  any  application  in  shovel  opera- 
tion. The  only  part  of  a  cycle  where  the  load  is  small  enough  to  take 
advantage  of  this  point  is  just  after  the  dipper  is  dropped  into  the  pit, 
when  the  operator  starts  the  hoisting  motor.  At  this  point  the  work  to  be 
done  is  to  accelerate  the  rotor,  take  up  slack  chain,  and  move  the  dipper 
over  any  space  which  may  intervene  before  it  reaches  the  material  to  be 
dug.  A  little  observation  of  shovels  in  actual  operation  will  show  that  a 
good  operator  makes  it  a  point  not  to  have  much  slack  chain  to  take  up, 
and  to  lower  the  dipper  into  the  pit  close  to  the  point  where  digging 
commences. 

The  digging  stroke  usually  begins  with  quite  an  acute  angle  between 
the  chain  and  the  dipper  handle,  so  that  winding  in  sufficient  chain  to  make 
1  ft.  of  bail  travel  will  move  the  dipper  teeth  forward  2  ft.  or  more  in  the 
direction  of  digging.  For  this  reason  it  is  not  usually  necessary  to  accel- 
erate the  hoisting  mqtor  very  quickly.  A  good  operator,  either  with  elec- 
tric motor  or  engine,  starts  his  digging  stroke  quite  gently,  and  there  is  no 
opportunity  for  the  series  motor  to  save  time  by  running  fast  under  light 
load  at  this  part  of  the  cycle.  After  the  digging  part  of  the  cycle  is  com- 
pleted, the  full  dipper  frequently  has  to  be  raised  several  feet  before  it  is 
high  enough  to  dump  into  the  car.  In  nine  cases  out  of  ten  there  is  plenty 
of  time  to  raise  the  dipper  slowly  before  the  swinging  movement  has 
brought  it  into  dumping  position.  If  this  were  not  the  case  the  series 
motor  would  not  be  able  to  raise  the  dipper  fast  any  way,  as  the  bail  pull 
with  a  loaded  dipper  held  out  at  dumping  radius  will  require  approxi- 
mately the  rated  torque  of  the  hoisting  motor. 
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Let  US  now  consider  the  action  of  the  series  motor  during  the  heavy  dig* 
ging  part  of  a  stroke.  At  this  time  the  motor  is  usually  working  consider- 
ably above  its  rated  load  and  the  speed  will  therefore  be  pulled  down.  A 
certain  amoimt  of  speed  reduction  under  heavy  load  is  desirable.  This 
amount  should  be  enough  to  inform  the  operator  about  how  hard  the 
machine  is  pulling,  but  any  further  reduction  in  speed  tends  to  reduce  the 
output  unnecessarily. 

The  wound  rotor  induction  motor,  provided  with  a  proper  amount  of 
resistance  in  the  rotor  circuit,  will  very  nearly  approach  the  performance 
of  the  steam  engine.  It  will  start  promptly,  accelerating  to  full  speed,  if 
this  should  be  desired,  in  less  than  1  sec.  After  the  dipper  strikes  the  dirt 
it  will  pull  through  and  load  the  dipper  with  a  proper  reduction  of  speed. 
After  the  dipper  is  full  and  is  pulling  out  of  the  bank  the  motor  will 
promptly  accelerate  to  a  speed  very  slightly  above  full-load  speed,  han- 
dling the  dipper  with  all  desirable  promptness. 

In  some  places  it  is  advisable  to  place  some  permanent  resistance  in  the 
rotor  circuit,  but  the  resistance  is  usually  automatically  cut  in  and  out  by 
solenoid  switch  control.  The  operator  has  a  master  controller  which 
enables  him  to  run  the  motor  on  any  desired  step  of  resistance,  while  the 
automatic  solenoids  will  promptly  cut  in  additional  resistance  should  the 
current  exceed  a  proper  maximum.  With  this  arrangement  the  author's 
statement  that  the  maximum  torque  cannot  be  obtained  on  starting  is 
quite  incorrect.  The  rotor  will  either  start  or  stall  at  maximum  torque, 
and  automatic  jamming  relays  prevent  the  current  from  reaching  the 
breakdown  point. 

While  it  is  advisable  to  keep  the  rotor  inertia  small,  we  consider 
that  neither  any  saving  of  power  nor  any  saving  of  time  is  ever  a  gain  such 
as  to  justify  using  two  motors  where  only  one  is  necessary.  As  in  the  case 
of  steam  shovels,  small  power  economies  do  not  usually  govern  in  the  mat- 
ter of  selection  of  proper  equipment.  In  most  of  the  electric  installations 
now  being  made,  coal  is  so  expensive  as  to  leave  no  doubt  as  to  the  desir- 
ability of  electric  equipment,  and  the  cost  of  electric  power  is  quite  moder- 
ate, being  frequently  as  low  as  fc.  per  kilowatt-hour.  On  the  basis  of 
actual  results  from  shovels  long  in  operation  we  find  that  the  average  cur- 
rent consumption  per  yard  of  material  varies  from  0.3  to  0.4  kw-hr.  per 
yard  excavated,  possibly  0.75  kw-hr.  for  each  cycle  of  a  2J-yard  shovel. 
Taking  the  author's  example  in  which  he  shows  a  saving  of  about  50  h.p. 
for  1  sec,  due  to  small  loads,  I  find  this  amount  to  be  considerably  less 
than  1  per  cent,  of  the  power  used  by  the  entire  shovel  during  a  single 
cycle. 

When  trifling  savings  of  this  kind  are  compared  with  the  additional 
complications  necessary  to  produce  them  the  apparent  economy  usually 
disappears.  In  the  present  case  the  author  shows  an  arrangement  of  main 
hoisting  machinery  involving  two  hoist  motors  with  spur  gear  reduction 
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to  two  intermediate  shafts,  with  two  bevel  or  miter  gear  transmissions  to 
a  transverse  pinion  shaft.  On  this  shaft  is  a  spur  pinion  meshing  with  the 
hoisting-drum  gear.  For  comparison  with  this  we  submit  the  arrange- 
ment of  shovel  machinery  shown  in  Fig.  8,  where  the  hoisting  drum  is 
driven  by  a  single  motor  with  two  pairs  of  spur  gears  and  one  inter- 
mediate shaft  as  against  the  two  motors,  three  pairs  of  spur  gears,  two 
pairs  of  bevel  gears,  and  three  intermediate  shafts, described  by  the 
author. 

Pursuing  the  matter  of  simplicity,  it  appears  that  the  alternating- 
current  shovel  involves  three  motors  and  three  sets  of  slip  rings  as  the  only 
electrical  rotating  parts  to  be  maintained.  In  many  cases  three  station- 
ary transformers  are  also  used.  As  against  this  the  author  proposed  for 
use  with  alternating  supply  a  motor-generator  set  and  four  series  motors 
with  commutators.  This  makes  a  total  of  six  revolving  electrical 
machines,  having  five  commutators  and  one  set  of  slip  rings.  It  is  typical 
of  shovel  service  that  this  electrical  machinery  will  have  to  work  in  con- 
siderable grit  and  dust,  which  is  particularly  unhealthy  for  commutators. 
Slip  rings  are  much  less  delicate  and  will  stand  a  good  deal  of  grinding 
down  without  giving  trouble. 

To  justify  such  an  excess  of  parts  to  be  maintained  we  think  a  very 
strong  case  must  be  made  out  showing  important  advantages  in  favor  of 
direct-current  machines.  The  author  claims  a  large  excess  in  motor  capac- 
ity which  is  required  for  alternating  current.  This  is  true  to  a  certain 
extent,  which  we  believe  is  much  nearer  25  than  45  per  cent.  If  the  addi- 
tional cost  of  maintenance,  and  especially  the  cost  of  delays  which  will 
undoubtedly  be  charged  against  commutator  maintenance,  could  be 
figured,  the  writer  believes  that  the  amount  would  be  largely  in  favor  of 
the  simpler  alternating  motors  even  at  a  higher  cost. 

As  a  matter  of  fact  a  large  majority — ^probably  at  least  three-fourths — 
of  all  of  the  large  excavators  (three-motor  and  four-motor  machines) 
built  during  the  past  two  years,  have  been  equipped  with  alternating 
motors,  and  it  is  of  record  that  the  machines  built  by  the  Bucyrus  Com- 
pany have  given  uniform  satisfaction  and  are  all  in  successful  operation 
at  the  present  time. 

H.  W.  Rogers  (communication  to  the  Secretary*). — ^It  is  not  the 
purpose  of  my  paper  to  deal  with  the  present  state  of  development  of  the 
electric  shovel,  except  to  show  that  it  is  a  possibility,  but  rather  to  lend 
aid  in  settling  the  discussion  as  to  whether  direct-current  series  motors 
or  alternating-current  slip-ring  motors  should  properly  be  used.  The 
various  types  of  electric  shovels  outlined  will  cover  practically  every  one 
that  is  in  operation  at  the  present  time,  and  the  fact  that  several  are 
equipped  with  alternating-current  motors  does  not  alter  the  situation. 


*  Eeoeived  May  14,  1914. 
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When  referring  to  shovels,  I  mean  one  particular  type  of  excavator, 
which  does  not  include  the  so-called  drag-line  excavator,  which  has  a  very 
much  slower  cycle  and  for  which  alternating-current  motors  are  the  best 
adapted  when  alternating  curifent  is  available.  Mr.  Ferris  mentions  17 
excavators  which  he  has  equipped  with  alternating-current  motors  during 
the  past  two  and  one-half  years,  and  in  addition  to  these  there  have  prob- 
ably been  a  dozen  more  put  out  by  other  concerns. 

There  is  no  doubt  but  that  the  steam  engine  possesses  ideal  character- 
istics for  shovel  service  and  the  motor  that  most  nearly  approaches  these 
characteristics,  whether  it  be  direct  or  alternating  current,  is  the  most 
suitable  motor  to  use.  The  series  direct-current  motor  possesses  these 
characteristics  and  requires  a  considerably  smaller  capacity,  to  do  the 
same  work,  than  the  alternating-current  motor,  and  although  the  motor 
may  not  be  called  upon  to  come  to  speed  rapidly  during  every  cycle, 
the  increased  inertia,  due  to  the  larger  motor,  will  always  call  for  an 
increased  power. 

Mr.  Ferris,  in  referring  to  the  saving  gained  by  using  two  75-h.p. 
motors  instead  of  one  150-h.p.  motor,  states  that  this  amounts  to  consider- 
ably less  than  1  per  cent.,  whereas  it  actually  amounts  to  If  per  cent,  of 
the  power  required  during  the  complete  cycle. 

In  comparing  this  drive  with  the  one  submitted  by  Mr.  Ferris,  from  the 
efficiency  standpoint,  the  gearing  and  shafting  from  one  motor  only  should 
be  considered,  as  the  motors  are  operating  in  multiple.  The  comparison 
resolves  itself  into  one  extra  pair  of  bevel  gears  and  one  intermediate  shaft 
for  the  two-motor  drive,  which  does  not  look  as  unfavorable  as  the  com- 
parison drawn. 

So  far  as  the  operation  is  concerned,  the  series  motor  will  give  smaller 
variation  in  speed  under  heavy  loads,  on  rheostatic  control,  and  slightly 
greater  variations  in  speed  under  light  loads,  without  resistance  in  the 
circuit,  than  the  induction  motor,  and  will  come  to  speed  in  a  given  time 
with  considerably  less  power.  It  can  be  made  to  run  at  speeds  above 
normal  full-load  speed  while  delivering  full-load  torque,  whereas  the 
induction  motor  cannot  run  above  synchronous  speed  without  additional 
equipment,  which  is  too  complicated  and  expensive  to  be  considered  for 
shovel  service.  As  a  matter  of  fact,  the  comparison  made  between  direct- 
and  alternating-current  equipments  in  the  paper  is  based  on  the  series 
motor  delivering  full-load  torque  at  the  high  speeds;  otherwise  the  power 
consumption  shown  on  this  equipment  would  be  about  8  per  cent,  less, 
and,  taking  into  consideration  the  inertia,  the  power  required  by  the  alter- 
nating-current equipment  would  be  slightly  over  50  per  cent,  in  excess  of 
that  required  by  the  direct-current  equipment.  It  would  seem  that  such 
a  saving  is  worthy  of  consideration. 

While  it  need  not  necessarily  be  considered  a  disadvantage  to  the 
induction  motor,  it  is  a  fact  that  the  maximum  torque  is  not  obtainable  at 
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standstill,  but  inasmuch  as  the  maximum  bail  pull  is  not  based  on  the 
maximum  running  torque  this  may  be  disregarded.  As  far  as  simplicity 
is  concerned,  the  direct-current  control  requires  fewer  contactors,  is  less 
complicated,  and  less  expensive  than  the  alternating-current  control 
and  the  motors  recommended  are  of  the  mill  type,  totally  inclosed  con- 
struction, which  eliminates  any  commutator  trouble  due  to  grit  or  dust. 

The  motor  of  the  motor-generator  set  would  not  be  of  the  slip-ring  type 
and  consequently  would  give  no  trouble  due  to  collector  rings.  There 
is  no  doubt  whatever  about  the  possibility  of  operating  a  shovel  with 
alternating-current  motors,  but  when  taking  all  things  into  consideration 
it  is  more  advantageous  to  use  the  direct-current  equipment,  even  though 
it  makes  the  use  of  a  motor-generator  set  necessary. 
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The  Safety  of  Underground  Electrical  Installations 

BT  C.  M.  MEANS,  PITTSBUBO,  FA. 
(New  York  Meeting,  February,  1014) 

Ck)NSiDERiNG  the  hazard  involved  in  mining  operations,  statistics 
show  that  a  very  small  percentage  of  accidents  is  chargeable  to  electricity. 
These  accidents  do  represent  quite  a  large  percentage  of  those  that  are 
preventable  and  they  are  the  direct  result  of  the  introduction,  for  purely 
economical  reasons,  of  a  dangerous  element.  The  introduction  of 
electricity  in  mines  should  decrease  the  hazard,  and  in  no  case  should 
electricity  be  applied  to  the  mechanical  operation  of  equipment  if  by  so 
doing  the  dangers  incidental  to  mining  are  increased. 

The  greater  number  of  accidents  are  the  result  of  persons  coming  in 
contact  with  exposed  conductors  at  potentials  varying  from  250  to  500 
volts  direct  current.  The  use  of  alternating  current  at  higher  potentials 
than  these  is  quite  common  in  large  mines,  but  it  is  very  rare  that  an 
accident  happens  from  this  source.  This  is  explained  by  the  fact  that 
where  these  high  voltages  are  warranted,  proper  precautions  are  taken, 
and  the  installations  are  directed  by  those  who  fully  appreciate  the  dangers 
incidental  to  the  work.  Direct  current  is  in  much  more  general  use  than 
alternating  current  because  of  its  adaptability  to  haulage  locomotives  and 
the  low  cost  of  installation  in  small  operations.  We  are,  however,  coming 
to  a  more  extended  application  of  alternating  current  for  the  operation  of 
mechanical  devices  used  in  connection  with  mining. 

Our  underground  direct-current  wiring  system  is  an  evolution  from 
the  surface  trolley  and  feeder  systems.  This  is  probably  due  to  the  fact 
that  our  earlier  successful  applications  were  electric  locomotives,  which 
required  the  use  of  a  trolley  wire.  The  trolley  current  has  been  almost 
banished  from  industrial  establishments  on  the  surface  because  of  the 
hazard  involved,  yet  we  use  it  indiscriminately  underground,  where  the 
dangers  from  accidental  contact  or  fire  are  infinitely  greater.  This  does 
not  mean  that  the  imderground  trolley  systems  should  be  eliminated,  but 
it  does  imply  the  proper  safeguarding  of  such  equipment  as  is  necessarily 
a  part  of  the  trolley  systems. 

It  is  a  fact  that  the  men  now  employed  in  the  installation  and  main- 
tenance of  mining  equipment  may  be  in  many  cases  incompetent  or  not 
thoroughly  familiar  with  the  work,  but  they  are  the  men  who  must  do  the 
work  and,  in  order  to  do  it  properly,  it  is  necessary  that  they  be  educated 
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and  guided  in  their  task.  Men  who  have  been  trained  in  industrial  plants 
on  the  surface  do  not  care  to  take  up  mining  work,  and  the  men  to  do 
underground  electrical  work  must  be  recruited  from  men  actually  working 
in  the  mines.  These  men  have  no  training  except  that  gained  from  asso- 
ciation with  men  engaged  in  the  work.  The  result  is,  they  do  their  work 
in  such  a  manner  as  seems  to  them  the  most  expedient  with  the  results 
to  be  attained,  and  not  in  keeping  with  any  clearly  defined  method  or 
studied  system. 

For  all  electrical  work  on  the  surface  we  have  the  rules  of  the  Under- 
writers'  Association.  Electricians  and  wiremen  familiarize  themselves 
with  all  requirements  of  the  Underwriters,  and  the  result  is  that  their 
work  is  done  in  a  thorough  and  safe  manner.  A  complete  set  of  electrical 
rules  similar  to  those  of  the  Underwriters'  Association,  but  made  applic- 
able to  underground  work,  would  go  a  long  way  toward  solving  the 
problem,  if  they  were  made  suitable  for,  and  received,  general  application. 

These  rules  would  naturally  be  evolved  from  aU  data  available  and  an 
investigation  of  all  electrical  accidents  over  a  period  of  time;  and  a  com- 
plete analysis  should  be  made  of  causes,  as  well  as  methods  to  prevent  a 
recurrence  in  the  future.  We  have  available  the  rules  contained  in  the 
bituminous  mine  law  of  Pennsylvania  and  other  States,  rules  of  the  Under- 
writers' Association,  and  rules  of  certain  mining  corporations  and  munici- 
palities, that  could  be  used  for  a  basis.  Any  set  of  rules,  no  matter  how 
carefully  compiled,  will  naturally  meet  with  a  considerable  amount  of 
opposition  and  criticism,  and  a  large  part  of  the  criticism  will  be  war- 
ranted. This  very  feature  will  result  In  devising  a  set  of  rules  that  will 
meet  the  situation  in  its  entirety,  and  make  it  possible  to  almost  eliminate 
this  class  of  accidents. 

The  problem  of  working  out  such  a  set  of  rules  is  a  very  formidable  one, 
but  no  more  difficult  of  solution  than  that  which  the  Underwriters'  Asso- 
ciation has  already  solved  or  is  successfully  solving.  It  is  fully  apparent 
that  additions  or  changes  must  be  made  from  time  to  time  to  keep  pace 
with  an  industry  that  is  continually  being  developed  and  expanded. 

The  electrical  rules  contained  in  the  bituminous  mine  law  of  Pennsyl- 
vania have  been  in  effect  something  over  two  years,  but  last  year  repre- 
sented the  first  opportunity  we  have  had  to  judge  the  operation  and  effect 
on  fatalities  resulting  from  the  use  of  electricity.  While  the  exact  records 
are  not  available,  it  is  safe  to  say  there  will  be  a  material  decrease  in  the 
number  of  fatalities  from  the  use  of  electricity  in  this  district,  and  this 
in  face  of  the  fact  of  a  very  material  increase  in  the  use  of  electrically 
driven  devices  used  in  the  production  and  transportation  of  coal. 

These  rules  represent  a  first  step  in  the  standardization  of  electrical 
equipment  and  wiring  as  applied  to  underground  workings,  and  the  results 
stated  are  conclusive  proof  of  what  can  be  done  along  this  line.  These 
rules  have  resulted  in  the  education  of  the  men  who  do  the  work,  and 
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th^  now  know,  in  a  general  way,  what  they  are  required  to  do.  Prior 
to  the  enactment  of  this  law,  the  use  of  electricity  in  mines  was  tolerated 
but  not  authorized,  and  not  subjected  to  any  rules  or  regulations.  It  is 
only  natural  to  suppose  that  this  resulted  in  installations  of  all  kinds. 
Some  installations  represented  an  unnecessary  expense  in  doing  every- 
thing possible  to  meet  every  restriction  that  might  later  be  placed  on  the 
work,  but  a  large  number  of  the  plants  were  put  in  simply  to  do  the  work, 
with  very  little  regard  to  the  safety  of  the  employees.  This  is  all  changed 
now,  and  each  operator  knows  what  is  required,  and,  wherever  possible, 
meets  all  of  the  provisions  contained  in  these  rules. 

ThiBse  rules  met  with  more  or  less  opposition  when  first  incorporated 
in  the  mining  law,  but  they  now  meet  with  the  favor  of  all  progressive 
mining  companies  and  have  been  of  material  value  to  all  concerned. 

Instead  of  restricting  the  use  of  electricity,  these  rules  have  caused  a 
very  material  increase  in  this  method  of  transmitting  power  to  operate 
the  di£ferent  mechanical  devices  used  in  the  production  of  coal,  and  are 
of  material  value  to  the  coal  industry  in  this  region,  as  well  as  to  electrical 
and  kindred  industries. 

When  the  Underwriters'  Association  introduced  rules  governing  elec- 
trical work,  inspectors  were  employed  to  see  that  the  work  was  done  in 
keeping  with  the  standard  suggested  by  their  code.  Formerly  these 
inspections  covered  all  work  done  where  insurance  was  carried,  but  as  the 
workmen  became  more  skilled  the  inspections  were  less  comprehensive, 
and  under  certain  conditions  were  omitted  entirely. 

For  a  period  of  time  it  will  be  necessary  to  employ  a  certain  number  of 
electrical  inspectors  for  underground  work  to  see  that  the  rules  are  com- 
plied with.  An  inspector  would  be  of  little  value  unless  he  had  a  definite 
set  of  rules  on  which  to  base  his  recommendations.  His  duty  will  be  to 
act  largely  in  an  advisory  capacity  and  to  interpret  the  rules  laid  down. 
The  mining  departments  of  the  di£ferent  States  employ  a  certain  number 
of  mine  inspectors,  who  can  take  care  of  the  electrical  work  after  they  get 
entirely  familiar  with  the  rules  and  application,  except  where  new  schemes 
or  unusual  installations  are  involved.  It  may  require  some  little  time 
for  these  inspectors  to  become  sufficiently  familiar  with  electrical  equip- 
ment and  its  operation,  but  a  knowledge  of  this  phase  of  the  situation 
wiU  be  just  as  essential  and  as  readily  acquired  as  that  of  ventilation. 

In  the  bituminous  fields  of  Pennsylvania  the  mine  inspectors  paid  very 
little  attention  to  the  electrical  equipment  so  long  as  the  use  of  electricity 
was  simply  tolerated,  but  just  as  soon  as  its  use  was  authorized,  and  rules 
formulated  covering  the  work,  they  familiarized  themselves  with  the 
rules  and  their  application,  and  in  the  average  installation  they  are  able 
to  judge  intelligently  as  to  the  safety  of  the  equipment. 

It  is  not  within  the  province  of  this  papei  to  suggest  who  should  work 
out  a  proper  set  of  rules  or  how  they  should  be  applied.     The  increased 
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safety  that  would  be  secured  would  fully  warrant  the  co-operation  of  our 
government;  both  National  and  State.  Electrical  manufacturing  com- 
panies should  be  very  much  interested  because  of  the  commercial  ad- 
vantages gained  by  reducing  the  hazard,  thereby  popularizing  the  use  of 
electrically  operated  devices.  The  mining  companies  should  also  be 
interested  because  of  the  reduced  hazard  to  employees  and  property  that 
would  naturally  follow.  A  more  extended  application  of  electricity 
would  be  warranted  with  reduction  in  costs  of  operation.  All  safety 
organizations^  as  well  as  engineering  societies,  would  be  interested. 

Taken  in  its  entirety,  considering  the  increased  safety  that  would 
naturally  follow,  the  commercial  advantages  to  be  gained,  and  the  large 
number  of  interests  involved,  the  expenditure  of  the  necessary  time, 
labor  and  money  is  fully  warranted  in  the  formation  of  a  proper  set  of 
rules  covering  this  work. 
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AppKcation  of  Electricity  to  Mines  and  Mills  of  Witherbeei 
Sherman  ft  Co.,  Inc.|  Minevillei  N.  Y. 

BT  8.   LB  FBYRB,  MINBVILLBy  N.   T. 
(New  York  Meeting  February,  1014) 

The  application  of  electricity  to  the  mining  and  beneficiation  of  the 
magnetic  iron  ores  of  the  Mineville,  N.  Y.,  district,  on  Lake  Champlain, 
has  resulted  in  economies  and  enhanced  quality  of  product,  without 
which  only  a  comparatively  small  quantity  of  the  present  output  could 
be  marketed.  The  output  of  the  Witherbee,  Sherman  &  Co.  mines  is 
about  700,000  tons  per  annum,  and  of  this  about  four-fifths  is  treated 
by  magnetic  separation  to  increase  the  iron  content  and  reduce  the 
phosphorus. 

The  use  of  electricity  for  the  magnetic  separation  of  the  ore  from  the 
gangue  is  therefore  of  primary  importance,  and  makes  possible  the 
application  of  electric  power  for  mining  and  preparing  the  ore  for  con- 
centration. The  fact  which  speaks  loudest  in  favor  of  the  application 
of  electricity  is  this:  It  is  possible  for  about  25c.  per  ton  of  shipping 
ore  to  furnish  all  the  power  required  to  put  the  ore  on  cars.  This  in- 
cludes mining  a  hard  ore  underground,  from  a  depth  of  900  ft.,  hoisting 
to  surface,  crushing  to  J  or  i  in.  in  size,  and  separating  from  the 
gangue.  This  also  includes  lights  about  the  works,  and  all  miscellaneous 
power,  such  as  about  the  shops. 

The  first  plant  for  the  generation  of  electric  power  for  use  at  Mineville 
was  completed  in  1903,  and  was  one  of  the  first  for  the  application  of 
electricity  to  mining  iron  ore.  This  was  a  Nordberg  compound  con- 
densing steam  engine,  direct  connected  to  a  750-kw.  alternating-current 
generator,  3,300  volts,  3  phase,  25  cycles.  All  the  plants  added  later 
use  the  same  current  but  with  higher  voltage.  The  map,  Fig.  1,  shows 
the  power  plants  and  the  transmission  system;  Figs.  2  and  3  are  views  of 
the  shaft  houses  and  the  mills. 

The  power  from  the  first  plant  was  distributed  to  Mills  1  and  2,  one 
2,500  cu.  ft.  compressor,  and  to  the  Harmony  hoist,  which  was  driven 
by  a  300-h.p.  motor  operating  four  10-ft.  drums.  Our  experience  with 
the  hoist  covers  largely  the  development  of  electric  hoisting  from  1903 
to  date,  and  in  some  cases  improvements  were  worked  out  to  satisfy  our 
needs.  The  motor  is  still  operating  as  installed,  but  the  control  apparatus 
has  been  radically  changed  several  times.    When  installed,  the  iron  re- 
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FiQ.  1. — Map  Showing  Location  of  Plants  and  Transmission  Lines  of  Withbrbbx, 

Shbbman  &  Co. 
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sistance  grids  were  light,  and  they  would  vibrate  when  the  ruah  of  current 
entered,  sufficiently  to  touch  and  short  circuit,  and  burn  out;  it  was  a 


Fig.  2. — Joker,  Bonanza  a 

regular  thing  to  replace  those  burnt  out,  between  sbifta.  We  then 
increased  the  weight  about  four  times  and  got  very  good  results.  Still 
later  we  installed  a  water  rheostat,  which  has  been  in  operation  about  two 


Fig.  3— View  of  No.  4  Miii. 


years  and  has  cost  practically  nothing  in  repairs,  besides  being  very 
much  smoother  in  operation  and  acceleration. 
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The  heavy  duty  oq  the  control  of  this  hoist  is  due  to  the  four  drums 
attached  to  one  motor.  When  one  car  is  hoisted  slowly  for  men,  and 
the  other  cars  have  ore  in  tbem,  the  motor  gets  full  load  at  slow  speed 
and  a  very  heavy  current  must  be  carried  by  the  resistance  in  the  rotor 
circuit. 

As  the  depth  and  output  increased  the  300-h.p.  motor  was  over- 
loaded, and  the  delays  in  hoisting  due  to  handling  men  were  considerable. 
On  that  account  a  new  double-drum  hoist  is  now  being  installed,  and 
two  drums  of  the  old  hoist  will  be  discarded. 

The  hoist  serving  the  Joker  shaft  (F^.  4)  has  double  drums,  10  ft. 
in  diameter,  6-ft.  face,  geared  to  a  500-h.p.  motor,  and  hoists  3  tons 


Fia.  4. — DouBLE-Dsuy  Hoist  for  Jokeb  Shatt  in  No.  1  Poweb  Statioh. 

of  ore  in  each  skip  at  900  ft.  per  minute,  the  two  skips  being  in  balance. 
It  takes  1  kw.  of  power  to  hoist  1  ton  of  ore  375  ft.  This  hoist  will 
deliver  forty  3-ton  skips  per  hour  from  a  depth  of  900  ft.  This  allows 
3  min.  for  a  round  trip  of  each  car. 

The  ore  includes  lumps  up  to  2  or  3  ft.  in  diameter  mixed  with  fines. 
This  is  drawn  out  of  a  pocket,  through  a  door  4  ft.  square,  opened  and 
closed  by  a  12-in.  diameter  air  lift,  into  a  measuring  chute  12  ft.  long  on 
an  at^le  of  45°,  at  the  bottom  of  which  is  a  lip  chute  raised  to  hold  back 
the  skip  load.  As  soon  as  the  car  lands,  the  lip  chute  is  dropped,  the 
car  loaded,  and  the  signal  given  to  hoist  in  from  15  to  30  sec.     The 
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meafiuring  chute  ia  then  filled  while  the  skip  goes  up  and  back.  A 
little  skill  in  following  the  descending  car  with  the  loading  lip  chute 
often  makes  the  signal  to  hoist  reach  the  engine  room  at  the  same  instant 
vith  the  roar  made  by  the  dumping  of  the  ore  from  the  other  car  in  the 
shaft  house.  Heavy  cast-iron  grids  are  used  for  resistance  on  this  hoist 
and  have  given  no  trouble.  Double-pole  contactors  are  used,  which  are 
operated  by  a  master  controller  on  the  operating  platform  (Fig.  5). 
The  hoisting  costs  about  2c.  a  ton  for  power.  With  the  steam  hoist 
the  cost  was  7c.  per  ton,  a  saving  of  5c.  per  ton  in  favor  of  electric 
hoisting.  '    v 

We  are  now  installing  four  new  hoists  underground.    The  depth 
of  the  workings  and  the  shape  of  the  ore  bodies  make  it  advisable  to 


Fia.  6. — TaANBTOBiUBa  and  Contact  of  Panel  roR  Jokeb  Hoibt  Motor. 

divide  the  hoist.  The  underground  hoists  operate  on  slopes  from  25° 
to  40°  from  horizontal,  and  dump^into  pockets,  from  which  the  ore  is 
reloaded  into  skips  and  hoisted  up  shafts  which  are  vertical  or  nearly  so. 

These  new  hoists,  shown  in  Fig.  6,  a  shop  view,  have  double  drums 
7  ft.  in  diameter,  3-f  t.  face,  with  a  single  reduction  of  Wuest  herringbone 
gears  to  the  shaft  of  a  300-h.p.  motor.  This  is  arranged  so  that  if  desired 
to  operate  to  capacity  without  working  in  balance,  another  300-h.p. 
motor  can  be  added  on  the  oppoate  side.  The  hoists  were  all  section- 
alized  to  go  down  a  4  by  4  ft.  compartment  in  shaft. 

These  hoists  will  be  equipped  with  a  new  type  of  liquid  rheostat 
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JFia.  6— Shop  View  of  Hoists  to  be  Installed  Undebq round  at  Minihtille. 


Fia.  7. — Dbuu  Ttpk  or  Magnetic  Ork  Sbfakatoii  in  Usb  at  Minkvills. 
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which  has  two  aete  of  electrodes,  one  set  of  pipes  which  are  spaced  far 
apart  and  are  uaed  for  startmg,  and  another  set  of  plates  which  are 
spaced  close  to  give  a  verysmall  slip  when  full  speed  is  desired.  This 
eliminates  the  danger  of  the  rheostat  arcing  over  if  the  motor  issuddenly 
reversed,  and  also  gives  a  much  wider  range  of  speed  than  the  ordinary 
type  of  rheostat. 

The  separators  used  are  the  Ball-Norton  type  as  developed  by  S. 
Norton  at  Mineville,  N.  Y.,  and  are  dmple  in  construction  and  opera- 
tion; they  handle  large  quantities.  Three  types  are  in  use:  the  drum 
machine  (Fig.  7),  the  belt  machine  (Fig.  8),  and  the  pulley  type,  or  rock 
picker.     The  drum  machine  is  used  on  material  from  2  in.  to  )  in., 


Fia.  8. — BxLT  TiPB  or  Orb  Separator  in  Ube  at  Minkvillb. 

although  it  will  work  on  finer  sizes,  but  the  belt  machine  is  preferred  on 
\  in.  or  finer,  as  it  costs  less  and  is  more  open  for  examination  and 
repairs. 

The  drum  machines  are  usually  30  in.  in  diameter,  15-in.  face,  with 
brass  shell  revolving  about  the  face  of  the  magnets.  These  are  sus- 
pended in  a  fixed  position  inside  the  drum,  taking  up  about  half  of  the 
periphery. 

The  belt  machine  has  the  magnets  suspended  in  a  horizontal  position 
over  the  take-off  belt,  and  under  the  return  of  same.  The  feed  belt 
roiu  below  the  take-off  belt,  and  when  the  ore  comes  under  the  first 
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magnet,  which  is  only  a  few  inches  from  the  end  of  the  feed  belt,  it  is 
lifted  up  to  the  under  side  of  the  take-off  belt  and  carried  along  until  it 
reaches  the  last  magnet,  where  it  drops  over  a  division  board  into  the 
concentrates.  The  tailings  drop  into  the  space  between  the  end  of  the 
feed  belt  and  the  division  board. 

The  magnets  are  so  connected  in  the  wiring  as  to  be  of  alternating 
polarity.  One  end  of  a  particle  of  ore  is  attracted  to  a  magnet,  and  as 
the  belt  carries  it  forward  the  other  end  turns  to  the  following  magnet, 
thus  turning  the  stream  of  ore  over  and  over,  and  leaving  the  gangue 
free  to  drop,  instead  of  being  carried  along  enmeshed  in  the  ore. 

The  pulley  type  machine,  or  rock  picker,  is  used  in  the  head  end  of 
a  conveyor,  and  has  a  full  circle  of  magnets,  which  revolve  with  the  pulley. 
This  is  used  with  a  heavy  current,  and  holds  to  its  face  anything  with  ore 
in  it.  The  pure  rock  flies  off  over  a  division  board  set  ahead  of  the 
pulley. 

In  making  the  concentrates  from  the  Mineville  ores,  that  from  the 
Old  Bed  mine  is  crushed  to  i  in.,  but  this  is  because  the  chief  object  is 
to  reduce  the  phosphorus.  For  the  Harmony  and  New  Bed  concentrates, 
the  most  economical  practice  is  to  pass  the  crude  ore,  after  crushing  to 
a  maximum  of  2  in.,  over  a  drum  machine,  which  picks  out  the  rich  ore, 
as  heads  or  concentrates,  leaving  the  balance  as  middlings,  which  are 
passed  over  a  pulley  machine  and  by  this  divided  into  tailings  and 
middlings.  The  middlings  from  the  pulley  machine  are  then  passed 
through  rolls,  and  the  same  process  is  repeated.  When  the  material  is 
reduced  to  i  in.,  belt  machines  are  substituted  for  the  drum  machines. 

The  use  of  the  pulley  machines  reduces  materially  the  amount  of 
work  the  rolls  have  to  do,  and  also  the  bulk  of  material  to  be  treated 
by  the  final  machines.  This  treatment  also  recovers  the  ore  in  the 
coarsest  possible  state,  consistent  with  maintaining  the  desired  per- 
centage of  iron. 

We  make  occasional  car  loads  of  concentrates,  used  for  magnetite 
arc  lights,  guaranteed  to  contain  70  per  cent,  metallic  iron,  and  have 
reached  71.2  per  cent.,  leaving  only  1.2  per  cent,  of  total  impurities,  as 
pure  magnetite  carries  72.4  per  cent.  iron. 

Direct  current  is  used  for  the  magnets  at  about  125  volts,  and  the 
amount  of  current  on  the  individual  machines  runs  from  3  to  7  amperes 
on  the  machines  making  heads,  and  up  to  25  amperes  on  the  pulley 
machines.  The  adjustments  on  individual  ores  to  get  the  desired 
results  are  variations  of  the  current,  air  gap,  and  belt  speeds. 

A  table  is  appended  showing  the  average  results  obtained  for  the 
year  1913  in  the  various  mills.  The  recovery  runs  from  90  to  98  per 
cent,  of  iron  in  the  crude,  as  concentrates  containing  between  62.5  and 
36  per  cent,  metallic  iron. 

Slip-ring  induction  motors  are  used  principally,  and  with  reversible 
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controller,  which  is  very  desirable  when  putting  on  belts,  or  when 
crusher  or  rolls  block.    In  this  case  a  slight  reverse  releases  the  material. 

We  have  been  using  220-volt  direct  current  for  the  mine  lighting,  and 
the  electric  haulage  used  current  from  the  same  circuit.  In  the  hear 
future  a  transformer  will  be  installed  to  reduce  the  alternating  current 
to  110  volts  and  this  will  be  used  for  lights,  which  will  then  be  taken  oflf 
the  trolley  circuit.  Clusters  of  incandescent  lights  are  used  in  chambers 
instead  of  arc  lights. 

The  distribution  of  current  about  Mineville  is  at  3,300  volts,  with 
transformers  from  3,300  to  440  near  each  motor  or  group  of  motors. 

All  of  the  electrical  apparatus  of  the  present  equipment  is  of  General 
Electric  manufacture,  and  the  plant  was  described  in  the  General  Electric 
Review  of  February,  1912,  to  which  we  are  indebted  for  some  of  the 
illustrations  used  herewith.  We  wish  to  acknowledge  also  valuable 
assistance  received  from  H.  F.  Pigg,  Mechanical  and  Electrical  Engineer 
for  Witherbee,  Sherman  A  Co. 

The  tables  appended  give  the  generatmg  units,  having  a  total  capacity 
of  4,975  kw.,  and  a  recapitulation  of  the  distribution  of  the  power  for 
the  year  1913,  also  lists  of  the  motors  installed. 

The  generator  capacity  is  about  70  per  cent,  of  that  of  the  motors 
Installed,  and  the  power  used  is  about  60  per  cent,  of  the  motor  capacity. 
The  average  operating  cost  of  power  was  $0.0091  per  kilowatt-hour,  and 
with  depreciation  of  plants  added  $0.0105. 

Compressed  air  is  the  principal  item  of  power  cost  and  took  10.5 
kw-hr.  per  ton  of  crude  ore  mined,  or  73^  per  cent,  for  compressed 
air  out  of  a  total  for  mining  of  14.3  kw-hr.  The  milling  took  4.1 
kw-hr.  and  the  total  power  for  all  purposes  was  18^7  kw-hr.  per  ton  of 
crude  ore  produced. 

The  distinct  advantage  which  magnetic  ore  has  over  the  other  mar- 
ketable varieties  lies  in  the  ease  and  certainty  with  which  it  can  be  sepa- 
rated from  the  gangue,  after  the  particles  of  ore  are  crushed  free  from 
the  rock.  In  this  respect  the  Lake  Champlain  ores  have  a  great  advan- 
tage on  account  of  coarse  crystallization,  so  that  crushing  to  ^  or  | 
in.  permits  a  recovery  of  from  90  to  98  per  cent,  of  the  iron  in  the  crude  in 
the  form  of  a  uniformly  high-grade  concentrate  with  a  small  percentage 
of  objectionable  fines.  The  quality  of  the  concentrate  can  be  made  to 
stay  practically  constant  at  whatever  point  may  be  fixed  as  the  best 
economic  limit,  without  regard  to  the  iron  content  of  the  crude  ore, 
whether  it  be  25  or  55  per  cent,  iron,  which  is  about  the  range  of  the  ores 
treated. 

This  advantage  ought  to  increase  very  materially  the  amount  of 
magnetic  ore  used,  as  the  demand  for  increased  ore  tonnage  continues  to 
grow.  The  quantity  of  iron  ore  used  doubles  every  ten  years.  To 
provide  this,  even  if  the  amount  of  imported  ore  grows  largely,  prepara^ 
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tion  must  still  be  made  at  a  rapid  rate  for  new  mines  and  increased  outputs 
of  present  mines. 

Concentration  Results^  Average,  1913 


Crude 
Fe, 
Per 

Cent. 


Old  Bed  concentrates. 

MiUNo.  1 

Mm  No.  2 

Ck>bbing  plant 

New  Bed  concentrates.    < 

MmNo.4 !  34.16 

Harmony  concentrates.    \ 

MiUNo.  3 1  47.79 


Tons 
Concts. 


Ratio 


54.38  5.30 
55.21  7.88 
53.41    6.98 

6.25 


63.76   0.74     98.42,    87457,    73,190    1.191 
65.15   0.67  :  97.53;  170,161  140,576    1.21 


60.71 


1.26  ' 


65.04   0.027 


90.41 


192,137    91,230   2.106 


7.34  ;  62.67    0.087   95.93  223,787.163,854    1.366 


Equipment  of  Power  Plants 


Power  Plant 


Location 


Port  Henry, 
Central 


Total  steam 

Wadhams 

Kingdom 


Total. 


Drive 


Generators 


Kilowatts        Volts 


Amount  Pro- 
duced, 1913 


Turbine 800 

Turbine 1,500 

Engine 750 


Turbme 


750 


Water  wheel 
Water  wheel. 


3,800 
375 
800 

4,975 


6,600 
6,600 
3,300 
3,300 


6,600 
13,200 


Kilowatt-hours 

7,453,700 
4,306,800 


788,300 
1,870,700 


14,419,500 
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RecapiitUation- 

"Distribution, 

1913 

H.P.   of 

Kilowatt-houxB 

Per  oent.  of 

Moton 
lutaUed 

Total   Used 

Per  Ton 
Crude  Ore 

FuU-Loftd 
Capacity  Uaed 

Compi 

Hoists 

Hoists,  new . . 

Pumps.. 

Haulage 

Mine  lighting. 


2,100 

2,200 

1,200 

131 


275 


Total  mining 

Mills 

Carpenter  shop  and  saw  mill 
Sherman  mine  development. 


Total  power  used 
Conmiercial  power. 


5,906 

2,094 

95 


8,095 
1,1501 
50/ 


9,295 


7,273,365 
1,664,956 

287,554 
212,083 
333,826 


9,771,784 

2,756,408 

89,019 

98,084 


12,715,295 
1,704,205 


14,419.500 


10.5 
2.6 

0.4 
0.4 
0.5 


} 


14.3 
4.1 
0.13 
0.14 


18.7 


93 
20 

60 
54 


55 
76 


60 


Location 


Compressors — Motor  Di^ribiUion 


Horse 
Power 


Volte 


Service 


A  and  B  power  house. 


No.  1  power  house. 
Smith  mine 


Sherman  mine. 


400    3,300 

400 

3,300 

400 

3,300 

200 

440 

200 

440 

200 

440 

75 

440 

75  1     440 

150 

440 

2,500  cu.  ft.  compressor,  synchronous  motor. 
2,500  cu.  ft.  compressor,  synchronous  motor. 
2,500  ou.  ft.  compressor,  synchronous  motor. 
1,250  cu.  ft.  compressor. 
1,250  cu.  ft.  compressor. 
1,250  cu.  ft.  compressor. 

600  cu.  ft.  compressor. 

600  cu.  ft.  compressor. 

600  cu.  ft.  compressor. 


Total '2,100 


Note. — Synchronous  motors  are  operated  at  80  per  cent,  power  factor  leading, 
which  brings  up  the  power  factor  at  the  distributing  points  in  Mineville  to  about  93 
to  94  per  cent. 

VOL.  xLvm. — 17 
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Hoists — Motor  DistribiUion 


Location 

Hone 
Power 

Volts 

Service 

No.  1  power  house . . . 

600 

440 

Double  drum — Joker  shaft. 

300 

3,300 

Double  drum — Bonansa  shaft. 

A  and  B  power  house. 

300 

440 

Double  drum — B  shaft. 

300 

3,300 

Double  drum — A  shaft. 

Smith  mine 

100 
62 

440 
440 

Double  drum. 

Sherman  mine 

Single  drum. 

Underground 

Barton  Hill 

62 
62 

440 
440 

Sinffle  drum — Intermediate  sink. 

Single  dnim — South  pit. 

62 

440 

Single  drum — South  pit. 

36 

440 

Single  drum — Orchard. 

22 

440 

Single  drum — South  pit  raise. 

22 

440 

Single  drum — South  pit  raise. 

22 

440 

Single  drum — North  pit  raise. 

Harmony 

62 

440 
440 

Single  drum — E.  side,  A  sink. 
Single  drum — W.  side,  A  sink. 

62 

62 

440 

Single  drum — B  sink. 

22 

440 

Single  drum — A  pocket. 

300 

440 

Double  drum — A  shaft  circle. 

62 

440 

Man  hoist — A  shaft  circle. 

Old  Bed 

36 

440 

Single  drum — Miller  pit  sink. 
Single  drum — Miller  pit  raise. 

22 

440 

62 

440 

f  ingle  drum — Slope  No.  1 — To  be  replaced. 

62 

440 

Single  drimi — Slope  No.  2 — To  be  replaced. 

62 

440 

Single  drum — Slope  No.  3 — To  be  replaced. 

300 

440 

Double  drum — Slope  No.  1 — Partly  installed. 

300 

440 

Double  drum — Slope  No.  2 — Partly  installed. 

300 

440 

Double  drum — Slope  No.  3 — ^Partly  installed. 

Total 

3,462 
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Pumps — Motor  Distribution — aU  440  VoUs 


Location 


H.P. 


Benrioo 


Smith  mine .......... 

30 

Bahaft 

5 
30 

A  ghfift  

15 
12 

Old  Bed 

5 
5 

Barton  Hill 

3 
3 

Surfa43e 

3 
15 

• 

5 

Total 

131 

Bottom. 

Girde. 

Bottom. 

Girde. 

Bottom. 

No.  6. 

No.  4. 


B  shaft  water  supply. 
B  shaft  water  supply. 


X 


Power  Houses — Motors 


Location 


Port  Hemy, 
Central...   , 


No.  1  power  house. 


Direct-current  motors 


H.P. 

50 
6 

50 
5 

10 
110 

50 

110 

22 

22 

5 

50 

9 

20 


Volts 


Service 


440 
440 

3,300 
440 
440 

3,300 

440 


3,300 


35-kw.  motor-generator  exciter. 

Ventilating  fan  for  SOO-kw.  turbine. 

Motor-generator  exciter. 

Centrifugal  pump  for  condenser. 

Ash  conveyor  and  elevator. 

75-kw.  motor  generator  for  direct  current 

—220  volts. 
35-kw.  motor  generator  for  direct  current 

—220  volts. 

(These  two  for  lights  and  haulage.) 

Two  37i-kw.  D.-C.  generators,  125  volts 

(Spare). 
Hoist  in  Old  Bed,  Overland. 
Hoist  in  Old  Bed,  Overland. 
Pump  at  Bonanza  circle. 
Five  locomotives,  two  5-h.p.  motors  each, 

trolley  haulage. 
Two  locomotives,  one  4i-h.p.  motor  each, 

tailings  cars. 
Three-car  tipple.  Joker  shaft. 
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MHU— Motor  Distribution— AU  440  VoUa  A.  C. 


H.P. 

Mill  No.  1 

76 

Group  drive. 

76 

Group  drive. 

76 

Group  drive. 

60 

Group  drive. 

36 

Crusher — Joke  shaft  house. 

76 

Cobbiog  plant. 

Total 

396 

Mill  No.  2 

100 

Group  drive 

100 

Group  drive.                                      <« 

100 

Group  drive. 

30 

Hoist  for  hauling  cars. 

•      15 

Conveyor  to  bin. 

50 

36-kw.  motor  generator,  126  volts,  magnet 
current,  and  mill  lights. 

Totel 

395 

- 

Mill  No.  3 

200 

Section  i  mill. 

200 

Section  i  mill. 

50 

35-kw.  motor  generator,  126  volts. 

35 

Crusher  and  conveyor,  B  shaft. 

20 

Conveyor  to  mill. 

35 

Crusher,  A  shaft. 

20 

Conveyor  to  mill. 

5 

Elevator. 

Total 

565 

Mill  No.  4 

150 

Group  drive. 

150 

Group  drive. 

- 

150 

Group  drive. 

150 

Group  drive. 

20 

Tailings  oonveyor. 

2 

Repair  shop. 

2 

Fan  for  drier. 

36 

Coal-car  hoist. 

6 

Elevator. 

75 

60-kw.  motor-generator  set,  126  volts,  for  D.C., 
for  separators  and  lights. 

Total 

739 
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Miacellaneaus  Motors 


H.P. 


.ii. 


60 

440 

35 

440 

6 

440 

6 

440 

60 

440 

Commercial  power: 
Mineville  light  H.  A  P.  Co. 

Street  lights. 

Residence  lights. 


Saws. 

Carpenter  shop  and  planer 
Fan  for  drill  forge. 
Fan  for  drill  forge. 

Tube  mill  and  conveyors,  under  construc- 
tion. 


Cheever  Iron  Ore  Co. 

400 

6,600 

'  Compressor. 

200 

6,600 

Compressor,  synchronous  motor. 

225 

440 

Hoist. 

75 

440 

Hoist. 

371 

440 

Hoist. 

371 

440 

Hoist. 

371 

440 

Hoist. 

15 

440 

Repair  shop. 

- 

5 

440 

Repair  shop. 

p 

75 

440 

MiU. 

50 

440 

MiU. 

25 

440 

MiU. 

16 

440 

Pumps. 

10 

440 

Haulage  locomotive. 

Total 

1,2081 
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Use  of  Electricity  at  the  Penn  and  Republic  Iron  Mines,  Michigan* 

BY  WILLIAM  KELLY  AND   F.   H.   ARliSTHONG,   VULCAN,    MICH. 

(New  York  Meetinc,  February,  1914) 

The  object  of  this  paper  is  to  describe  the  electric  equipment  at  the 
iron-ore  mines  of  Penn  Iron  Mining  Co.,  Vulcan,  Mich,  and  of  Republic 
Iron  Co.,  Republic,  Mich.;  to  give  the  result^  of  tests;  and  to  discuss  the 
methods  in  use  from  an  operating  as  well  as  from  an  efficiency  standpoint. 

Electricity  was  introduced  at  the  Penn  mines  for  pmnping,  hoisting, 
and  compressing  air  in  the  spring  of  1907,  upon  the  completion  of  a 
hydro-electric  plant  built  by  that  company  on  the  Menominee  river  about 
4  miles  from  the  mines.  This  plant  was  described  in  a  paper^  presented 
before  the  Lake  Superior  Mining  Institute.  A  paper^  presented  at  a 
meeting  of  the  same  Institute  describes  some  of  the  operating  features, 
and  the  safety  devices  of  the  electric  hoist  at  the  Curry  shaft  were 
briefly  described  in  the  Proceedings  of  the  First  Co-operative  Safety 
Congress  held  under  the  auspices  of  the  Association  of  Iron  and  Steel 
Electrical  Engineers  at  Milwaukee,  Wis.,  Sept.  30  to  Oct.  5,  1912. 

Generating  Power  Plants 

After  the  success  of  electrical  operation  was  assured,  a  second  set  of 
water  wheels  and  generator  was  installed  at  the  falls,  for  which  provision 
had  been  made  in  the  original  design  and  in  the  construction  of  the 
foundations,  and  later  three  additional  wires  were  added  to  the  main 
transmission  line,  doubling  its  capacity  and  reducing  the  line  loss. 

The  general  conditions  of  this  installation  are  particularly  favorable 
for  hydro-electric  operation.  In  the  neighborhood  of  three-fourths  of  the 
power  used  is  for  mine  pumping,  which  in  the  main  is  regular  and  con- 
tinuous. For  air  compressing,  power  is  used  for  about  18  hr.  a  day  for 
five  days,  and  9  hr.  for  one  day  in  the  week,  though  occasionally  when 
shaft  sinking  is  going  on  a  very  small  amount  of  compressed  air  may  be 


*  To  be  presented  also,  by  mutual  agreement,  at  the  meeting  of  the  Lake  Superior 
Mining  Institute,  August,  1914. 

^  T.  W.  Orbison  and  F.  H.  Armstrong,  Proceedings  of  the  Lake  Superior  Mining 
InatUuU,  vol.  xiii,  pp.  163  to  181  (1908). 

» Frank  H.  Armstrong,  idem,  vol.  xvi,  pp.  244  to  260  (1911). 
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required  continuously.  Hoisting  and  surface  tramming,  which  are 
intermittent,  require  only  about  6  per  cent,  of  the  power  used.  The  pond 
above  the  falls  cov^s  an  area  of  about  450  acres  and  the  head  is  25  ft. 
There  is,  therefore,  an  ample  quantity  of  water  to  take  care  of  the  ordinary 
irregularities  of  consimiption  without  much  change  in  the  head,  but  on 
the  other  hand  it  does  not  supply  any  extended  storage,  as  if  the  flow 
from  above  was  entirely  cut  off  the  drawing  down  of  1  ft.  would  furnish 
water  to  supply  the  power  requirements  for  only  a  little  over  4  hr. 

The  power  requirements  of  the  mines,  though  somewhat  variable, 
have  been  averaging  about  2,400  h.p.  The  Menominee  river  furnishes 
this  amount  of  power  at  what  may  be  considered  the  normal  stage.  In 
dry  seasons  the  water  power  has  to  be  supplemented,  and  therefore  a 
l,50O-kw.  steam  turbo-generator  has  been  installed  at  the  principal  mine. 
This  is  sufficient  in  itself  to  take  care  of  the  pumping,  if  for  any  reason  the 
hydro-electric  plant  should  be  out  of  commission.  As  a  matter  of  fact, 
this  has  occurred  without  control  only  four  times  in  six  years,  three  times 
on  account  of  anchor  ice,  not  over  8  br.  at  either  time,  and  once  for  3  hr. 
on  account  of  a  break  in  the  transmission  line  due  to  a  faulty  discon- 
nector. The  protection  against  anchor  ice  is  the  length  of  the  pond, 
which  is  about  5  miles  to  the  next  rapids  above.  As  soon  as  this  pond 
freezes  over  the  anchor  ice  formed  above  does  not  come  through.  The 
three  experiences  with  anchor  ice  were  on  days  late  in  the  fall  before  the 
pond  had  frozen  over,  when  the  temperature  fell  much  below  the  freezing 
point  and  there  was  a  high  wind. 

At  the  falls  the  generating  units  are  of  1,500  and  2,000  kw.,  6,600  volts, 
and  are  run  singly  or  together  according  to  the  mine  requirements  and 
the  quantity  of  water  available.  During  the  years  1911,  1912  and  the 
first  half  of  1913,  there  was  generated  at  the  falls  37,502,160  kw-hr.  at  a 
cost,  including  taxes,  of  0.083  c.  per  kilowatt-hour.  The  steam  plant 
generated  1,670,700  kw-hr.  at  a  cost,  including  stand-by  expenses,  of 
1.821  c.  per  kilowatt-hour.  The  average  cost  of  power  for  operating  was 
0.157  c.  per  kilowatt-hour.  Depreciation  for  a  20-year  period  and  in-* 
terest  at  5  per  cent,  add  0.182  c,  making  the  total  cost,  including  operat- 
ing, taxes,  and  depreciation,  0.339  c.  per  kilowatt-hour.  ^ 

At  Republic  the  small  water  power  is  used  entirely  for  compressing 
air.  Electricity  is  used  for  the  pumping,  one  surface  tram,  the  crusher 
plant,  and  the  shops.  The  principal  generating  unit  is  a  mixed-pressure 
steam  turbo-generator  which  runs  on  the  exhaust  steam  of  the  hoisting 
engines  supplemented  by  live  steam.  The  exhaust  steam  is  passed 
through  a  regenerator  in  order  to  distribute  its  use  to  as  great  an  extent 
as  possible  during  intermissions  of  hoisting.  The  successful  utilization  of 
intermittent  supplies  of  low-pressure  steam  depends  very  largely  on  having 
the  regenerator  capacity  of  ample  size*  The  steam  turbine  runs  at  9,000 
rev.  per  minute.    Live  steam  is  automatically  supplied  to  fill  any  deficien- 
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cies  in  the  amount  of  exhaust  steam  available.  There  is  an  independent 
condenser  which  produces  a  vacuum  of  27  in.  Geared  to  the  shaft  of  the 
steam  turbine  are  two  electric  generators  of  a  combined  capacity  of  150 
kw.,  which  rim  at  900  rev.  per  minute.  These  are  to  have  fly  wheels  on 
the  shafts  so  as  to  eliminate  the  peaks  and  reduce  the  heavy  voltage 
fluctuations.  Each  wheel  is  52  in.  in  diameter  by  10  in.  thick  and 
weighs  something  over  5,000  lb.  The  speed  of  the  tm-bine  when  using  live 
steam  is  3}  per  cent,  less  than  when  using  exhaust.  These  fly  wheels 
will  give,  for  this  reduction  in  speed/ 525  h.p-sec.  There  is  a  back  pres- 
sure on  the  hoisting  engines  varying  from  a  maximum  of  4  lb.  to  a 
slight  vacuum.  As  close  as  can  be  figured,  this  turbine  is  furnishing  a 
kilowatt-hour  for  a  fuel  cost  of  0.15  c. 

Electric  Pumps 

At  the  time  when  the  original  installation  at  Vulcan  was  under  con- 
sideration, centrifugal  pumps  for  high  heads  had  not  given  good  satis- 
faction in  this  country.  There  had  been  difficulties  with  thrust  bearings 
and  considerable  doubt  about  continuous  efficiencies.  The  correctness 
of  the  general  mechanical  principle  of  attaching  a  centrifugal  pump 
directly  to  a  high-speed  motor  was  recognized.  It  was  decided,  therefore, 
to  place  the  order  for  the  main  pumping  units  of  centrifugal  design  under 
specifications  to  cover  the  principal  requirements.  In  brief,  these  were  for 
three  units,  each  with  an  induction  motor  for  2,200  volts,  450  h.p., 
three-phase,  alternating  current,  and  a  centrifugal  pump  in  eight  stages, 
four  on  each  side  of  the  motor,  all  on  the  same  shaft,  with  a  marine  thrust 
bearing  at  each  end,  for  a  capacity  of  900  gal.  per  minute  at  a  speed  of 
1,200  rev.  per  minute,  with  suction  lift  of  20  ft.  and  discharge  head 
including  friction  of  1,275  ft.,  with  a  combined  efficiency  of  motor  and 
pump  of  63  per  cent.  Two  of  these  units  were  put  in  at  the  West  Vulcan 
C  shaft  and  one  at  the  East  Vulcan  No.  4  shaft.  A  view  of  the  two 
pumps  at  West  Vulcan  in  the  pump  station  1,200  ft.  below  the  surface  is 
shown  in  Pig.  1. 

When  the  pumps  were  started  they  fell  short  of  the  guaranteed 
efficiency;  there  was  trouble  from  heat  in  the  thrust  bearings  in  starting, 
and  rapid  wear  of  the  protecting  sleeves  about  the  shaft  in  the  high- 
pressure  stuffing  boxes.  The  principal  changes  were  in  closing  some  holes 
in  the  impellers  that  had  been  made  with  the  expectation  that  they  would 
equalize  the  thrust  movement;  in  substituting  for  the  marine  thrust  bear- 
ing a  hydraulic  thrust  ring  against  which  the  pressure  of  water  in  the 
column  pipe  is  automatically  a))plied  by  a  slight  thrust  movement  of  the 
shaft;  in  some  alterations  to  make  it  easier  to  change  the  wearing  sleeves 
on  the  shaft;  and  in  experimenting  with  different  kinds  of  packing.  The 
result  of  this  work  was  the  raising  of  the  efficiency  to  the  required 
standard,  the  elimination  of  all  thrust  trouble,  and  a  reduction  of  the 
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wear  caused  by  the  pacldag  in  the  Iiigh-preflsure  stuffing  boxes  to  very 
moderate  proportions.  Subsequently  some  further  improvementa  were 
made. 

Multi-stage  centrifugal  pumps  consist  of  impellers  attached  to  the 
shaft  and  stationary  diffusion  rings.  The  water  enters  an  impeller  near 
the  shaft  and  issues  with  great  velocity  from  ita  periphery.  It  then  passes 
in  a  spiral  direction  throi^h  the  passages  of  a  diffusion  ring  to  the  inlet 
of  the  succeeding  impeller  or  from  the  last  impeller  to  the  outlet.  The 
expanding  passageways  for  the  water  through  the  diffusion  ring  convert 


Fio.  1. — Puwp  Station  at  West  Vci#can. 

the  velocity  intojpressure.  The  efficiency  of  a  centrifugal  pump  depends 
principally  on  the  shape  and  aze  of  the  impellers,  the  internal  leakages, 
and  the  friction  in  the  water  passages. 

The  three  original  centrifugal  pumps  are  made  with  a  solid  casing  and 
the  impellers  and  the  diffusion  rii^  are  drawn  out  through  the  end  of  the 
casing.  In  the  pumps  installed  since  there  is  no  casing,  but  the  stationary 
parte  of  each  stage  are  held  together  by  large  through  bolts.  None  of  the 
pumps  have  casings  divided  horizontally,  which  plan  introduces  unfavor- 
able joints  and  necesatates  diBconnecting  and  lifting  out  the  shaft  and 
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impellers.  Without  the  horizontal  joint  the  diffusion  rings  and  impellers 
are  very  easily  drawn  out  endways  without  disturbing  the  shaft.  It  takes 
about  4  hr.  to  take  a  pump  of  four  stages  i^art  and  put  it  together  again. 
The  experience  of  several  years  shows  that  there  is  very  little  wear 
in  the  interior  or  on  the  periphery  of  the  impeUers,  or  in  the  water 
passages  leading  from  one  impeller  to  another.  The  principal  wear  and 
the  occasion  of  greatest  loss  in  efficiency  is  between  the  impellers  and  the 
diffusion  rings.     Originally,  the  contact  faces  were  quite  narrow,  only 


'RtNG  OhiMPELLER 


ON  Heads  and 
Intermediates 


Clearance  0.009  inch 


Fig.  2. — ^Labyrinth  Rings  to  Decrease  Leakage. 


\  in.    They  have  since  been  made  liV  ii^*  &&d  the  tendency  to  leak  has 
been  decreased  by  using  labyrinth  rings,  as  shown  in  Fig.  2. 

In  later  installations  the  hydraulic  thrust  ring  was  supplied  with  oil 
from  a  separate  small  motor-driven  plunger  pump.  When  oil  was  lacking 
it  was  found  that  water  answered  equally  well.  The  advantage  of  having 
pressure  independent  of  the  water  column  is  because  the  greatest  tendency 
to  thrust  is  on  starting  before  the  impellers  become  balanced,  as  they  are 
when  under  the  full  head,  because  at  the  time  of  starting  the  column  pipe 
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may  not  supply  the  requisite  or  perhaps  any  pressure,  and  also  because 
the  independent  pump  gives  a  constant  quantity  at  a  variable  pressure 
depending  upon  the  thrust. 

The  main  stuffing  boxes  were  originally  packed  with  a  solid  metallic 
packing,  but,  as  that  did  not  prove  satisfactoiy,  soft  metallic  packing 
and  several  kinds  of  special  packings  were  tried  in  succession,  but  finally 
practice  has  settled  down  to  a  good  grade  of  square  braided  hemp  packing. 
The  leakage  is  naturally  greatest  through  the  stuffing  box  on  the  discharge 
end  of  the  pump,  where  there  is  the  full  pressure  of  552  lb.  to  the  square 
inch.  As  the  shaft  has  only  a  rotary  motion,  when  the  packing  is 
tightened  up  there  is  nothing  to  distribute  the  pressure  applied  upon  the 
outside  ring  of  packing  to  the  other  rings,  as  a  shaft  with  motion  length- 
ways helps  to  do,  and  consequently  the  outside  ring  is  apt  to  be  pressed 
80  tight  that  it  wears  a  groove  in  the  shaft  or  the  protecting  sleeve 
about  the  shaft.  No  attempt  is  made  to  lubricate  the  packing.  The 
shaft  is  protected  from  this  wear  in  the  stuffing  boxes  by  removable 
sleeves.  It  takes  only  2  hr.  to  replace  a  sleeve.  The  replacing  of  the 
sleeves  has  been  the  greatest  source  of  delay  of  a  mechanical  nature,  but 
the  aggregate  of  the  delays  is  very  small.  At  the  East  Vulcan  mine,  where 
for  nearly  three  years  there  was  only  one  electric  centrifugal  pump,  and  it 
was  run  as  nearly  continuously  as  possible,  the  total  delays  amounted  to 
only  346  hr.  in  33  months,  or  less  than  1}  per  cent,  of  the  time. 

Occasionally  the  discharge  of  the  pump  has  fallen  off,  due  to  chips  or 
refuse  in  the  suction  end  of  the  pump.  This  is  guarded  against  as  much  as 
posfflble  by  having  duplicate  wire  screens  in  the  suction  tank,  so  that  all 
the  water  from  the  mine  has  to  pass  through  a  screen.  The  screens  are  in 
duplicate,  so  that  there  may  idways  be  one  in  place  when  the  other  is 
raised  for  cleaning.  In  these  mines  it  has  been  found  that  the  best 
protection  against  grit  in  the  water  b  to  be  had  from  good  ditches 
which  keep  the  water  in  the  drifts  below  the  traveled  road.  The  internal 
wear  of  the  water  passages  due  to  grit  has  been  exceedingly  small.  The 
water  is  free  from  acid  and  without  corrosive  effect.  The  internal  con- 
struction of  these  pumps  is  simplicity  itself,  and  their  dependability  is 
much  greater,  and  the  time  and  cost  of  repairs  much  less,  than  with  the 
triple-expansion  steam  pumps  which  the  centrifugals  displaced. 

Approximate  figures  on  the  maintenance  for  one  year  of  four  cen- 
trifugal pumps  as  compared  to  four  triple-expansion  steam  pumps  do- 
ing practically  the  same  duty  are  as  follows: 

Centrifugal  Steam 

Shop  labor $717  $760 

Labor  on  pumps 690  590 

SuppUea 503  2,02 1 

$1,910  $3,371 
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The  motors  of  these  pumps  have  wound  rotors  with  a  device  for  short 
circuiting  the  secondary  current  and  relieving  the  brushes  from  wear  by 
lifting  them  from  the  rings.  These  pumps  were  rated  at  900  gal.  per 
minute  and  that  was  about  the  quantity  of  water  that  they  handled  at 
first.  Soon  after  the  quantity  to  be  pumped  increased  to  1,100  gal.  per 
minute.  This  was  too  much  for  one  pump  and  not  enough  for  two,  so 
that  it  was  necessary  to  start  and  stop  one  pump  frequently.  As  this 
quantity  of  water  continued  for  some  time,  it  was  found  that  by  increas- 
ing the  speed  of  the  generators  at  the  falls  from  60  to  62^  cycles  per  second, 
the  pumps  were  each  capable  of  handling  from  1,200  to  1,300  gal.  per 
minute.  This  overloaded  the  motors,  and  after  running  for  a  considerable 
time  it  was  found  that  the  insulation  had  been  baked  until  it  was  brittle. 
This  made  trouble  when  it  became  necessaiy  to  repair  the  windings.  A 
dropping  off  in  efficiency  will  also  overload  the  motor,  so  that  it  is  well  to 
have  centrifugal-pump  motors  of  a  larger  size  than  the  specified  head  and 
quantities  under  normal  conditions  call  for. 
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FiQ.  3. — Efficiency  Curve  of  8-in.   Eight-Staqb  Centrifugal  Pump. 


Fig.  3  shows  an  approximate  curve  of  efficiency  based  on  eight  tests 
at  different  quantities  on  a  pump  when  in  first-class  condition.  During 
these  tests  the  unit  was  being  run  at  1,235  rev.  per  minute  and  the 
quantity  was  varied  by  manipulating  a  valve  on  the  suction. 

In  order  to  test  the  efficiency  of  the  pumps  it  was  necessary  to  measure 
the  water.  At  first,  this  was  done  on  surface,  by  means  of  both  a  tank 
with  knife-edge  orifice  and  a  weir.  Permanent  concrete  tanks  were  later 
installed  at  both  East  Vulcan  and  West  Vulcan  so  as  to  obtain  a  con- 
tinuous record  of  the  amount  of  water  pumped.  One  of  these  tanks  is 
shown  in  Fig.  4.  There  is  a  division  wall  in  it  which  is  pierced  with  a 
great  many  2-in.  holes.  The  water  from  the  mine  flows  into  the  back  part 
of  the  tank  and  through  the  holes  in  the  division  wall  into  the  front  part 
of  the  tank.  This  breaks  up  the  flow  of  water  and  prevents  "velocity  of 
approach"  to  the  orifice.  In  the  front  wall  of  the  tank  there  is  a  plate  of 
steel  with  a  circular  knife-edge  opening  of  exact  size. 

The  quantity  of  water  that  flows  through  the  orifice  depends  on  the 
head  above  the  center  of  the  orifice.     The  head  is  recorded  on  a  recording 
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water-level  gauge  and  tables  for  each  orifice  show  the  gallons  per  minute 
corresponding  to  each  tenth  of  a  foot  of  head.  One  of  the  charts  is  shown 
in  Fig.  5.  This  chart  was  used  in  connection  with  an  orifice  having  a 
diameter  of  7  in.  and  shows  an  average  for  the  week  of  about  894  gal.  per 
minute.  When  the  pumping  is  irregular  the  average  is  ascertained  by  the 
use  of  a  planimeter  for  circular  charts.  On  this  chart  it  can  be  seen  that 
the  pumps  were  stopped  for  a  few  minutes  three  times  during  the  week. 
The  charts  are  changed  Sunda3rs  at  noon.  Orifices  of  different  sizes  are 
used  when  the  quantity  of  water  changes,  so  as  to  keep  the  water  at  some- 
where between  2  and  4  ft.  above  the  center.    With  these  permanent 
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Fig.  4. — Measuring  Tank. 


measuring  tanks  and  suitable  electrical  instruments  a  test  of  efficiency 
becomes  a  very  simple  matter. 

At  the  Brier  HiU  shaft,  where  there  are  only  from  30  to  40  gal.  per 
mmute,  and  a  depth  of  900  ft.,  there  is  a  motor-driven  reciprocating, 
horizontal,  plunger  pump,  of  125  gal.  per  minute  capacity,  which  on 
Sundays  and  holidays  may  be  operated  from  the  hoist  house  on  surface, 
the  high-  and  low-water  mark  in  the  sump  being  provided  with  an  electric 
signaling  device  to  the  hoist  house. 

At  the  Republic  mine,  for  pumping  from  a  depth  of  1,150  ft.  a  motor- 
driven  triplex  plunger  pump  of  95  gal.  per  minute  and  a  motor-driven 
horizontal  duplex  plunger  pump  of  125  gal.  per  minute  are  used,  but  at 
that  point  the  maximum  water  is  only  150  gal.  per  minute,  with  an 
average  of  about  50  gal.     At  other  points  where  the  quantities  aremoder- 
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ate  and  intermittent  operation  is  not  objectionable,  motor*driven  plunger 
pumps  are  used. 

In  the  smaller  sizes  centrifugal  pumps  are  inefficient,  but  theefficieacy 
increases  with  the  size.  Pumps  of  600  to  1,200  gal.  a  minute  can  be  eas- 
ily maintained  at  an  efficiency  of  55  to  65  per  cent.,  measured  from  the 


Fio.  6, — Chart  trom  Recobdino  Watkb-Lbvbl  G&oqe. 

power  delivered  to  the  motors  to  the  water  at  the  top  of  the  shaft,  while 
pumps  of  larger  capacity  will  undoubtedly  give  higher  efficiencies. 

One  of  the  great  advantages  of  centrifugal  pumps  is  that  the  quantity 
of  water  can  be  regulated  within  comparatively  wide  limits  by  simply 
opening  and  closing  a  valve  on  either  the  suction  or  the  discharge  pipe, 
preferably  the  former,  with  but  slight  variation  in  the  efficiency.  A 
reciprocatbg  pump  driven  by  an  induction  motor,  on  the  other  hand, 
must  run  at  a  constant  speed.    Mechanical  devices  to  change  the  speed 
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of  the  pump  or  the  quantity  of  water  per  stroke  are  necessarily  com- 
plicated. The  common  practice  for  decreasing  the  quantity  is  to  use  a 
by-pass  on  the  discharge  column,  allowing  a  portion  of  the  water  to 
return  to  the  sump.  This  of  course  is  directly  at  the  expense  of  efficiency. 
Intermittent  pumping  necessitates  adequate  sump  capacity.  It  may  be 
generally  said  that  a  reciprocating  pump  driven  by  an  induction  motor  is 
especially  suited  to  pump  a  certain  amount  of  water  against  a  head  that 
may  be  varied  at  pleasure,  while  with  a  centrifugal  pump  the  quantity 
of  water  can  be  regulated  but  the  bead  cannot  be  materially  changed 
without  structural  changes.  To  effect  the  latter  end  a  centrifugal  pump 
should  be  designed  for  changing  either  the  number  or  the  diameter  of  the 
impellers.  High-pressure  centrifugal  pumps  are  usually  designed  for  a 
head  of  100  to  150  ft.  for  each  stage  or  impeller.  The  speed  must  be 
approximately  1,200  or  1,800  rev.  per  minute  with  a  six-  or  four-pole 
motor  and  a  60-cycle  alternating  current.  With  a  25-cycle  current  the 
speed  would  not  be  sufficient,  except  with  a  two-pole  motor. 


Electbic  Hoists 

Before  the  introduction  of  electricity,  hoisting  at  the  Penn  mines  was 
done  at  five  shafts  with  steam  hoists  of  the  following  types: 

Shaft  No.  ofDnimfl    I^ia°ieter    ^^^^      Position  of 

feet  Drums 

Eaat  Vulcan  No.  4 2  10  Yes  Tandem 

East  Vulcan  No.  3 2  5  Yes  On    same  shaft 

West  Vulcan  C 2  12  Yes  Tandem 

West  Vulcan  C 2  12  No  On   same  shaft 

Curry  No.  1 2  6  Yes  On   same  shaft 

Norway  No.  10 2  5  Yes  On  same  shaft 

The  principal  hoisting  was  at  East  Vulcan  No.  4  and  West  Vulcan  C 
shafts.  The  geared  plants  at  these  two  points  were  altered  so  as  to  permit 
their  being  driven  by  motors.  This  was  done  by  extending  the  pinion 
shaft  on  the  side  opposite  to  the  steam  engine  and  putting  on  the  ex- 
tended shaft  a  large  rope  wheel,  which  was  driven  by  an  American  system 
rope  drive  from  a  small  rope  wheel  on  the  shaft  of  the  motor.  On  the 
other  side  the  connecting  rod  of  the  steam  engine  was  disconnected.  This 
arrangement  is  illustrated  in  Fig.  6.  The  method  of  operating  is  to  start 
the  motor,  rope  wheels,  gear  wheels,  and  drum  shafts  and  when  these  are 
up  to  speed  gradually  to  apply  the  clutch  of  the  drum,  thus  starting  the 
skip  or  cage  and  quickly  accelerating  it.  This  had  always  been  the 
practice  in  starting  with  steam  except'3^^^  ^^^^  ^^^  ''^P^  wheels  and 
motor  the  fiy  wheel  effect  is  greater. 

At  the  same  time  the  East  Vulcan;  "No.  3  hoist,  which  was  used  very 
intermittently  and  principally  for  depths  of  only  250  ft.,  was  run  by 
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compressed  air  generated  by  a  motor-driven  compressor.  As  the  work  of 
thia  hoist  has  increased  a  motor  and  belt  have  been  substituted  for  the 
engine,  as  shown  in  Fig.  7.  The  same  change  was  made  with  the  Norway 
hoist.  The  first-motion  steam  hoist  at  West  Vulcan  has  been  dispensed 
with.  The  Curry  hoist  was  formerly  run  by  steam  from  the  saw  mill. 
This  hoist  was  too  small  for  the  work  and  has  been  replaced  by  a  new 


Fio.  S. — Tandem  Dbumb  Driten  bt  Eitsbb  Enoinb  or  Motor. 

electrically  driven  plant.  A  new  hoist  has  also  been  supplied  for  the 
circular  concrete-lined  shaft  at  Brier  Hill.  These  last  two  bobts  will  be 
described  more  in  detail. 

The  motors  of  the  four  principal  hoists  are  all  of  standard  design. 
They  are  three-phase,  60-cycle,  2,200-volt  induction  motors  with  wound 
rotors  and  external  resistance  for  starting. 

Experience  shows  that  the  motors  at  West  Vulcan,  Curry,  and  Brier 
Hill  are  much  larger  than  is  required.  A  motor  of  200  h.p.  would  be 
sufficient  for  the  requirements  of  any  of  the  above  shafts. 
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„  Revolu-  oi  •    T     J  Present  Maxi-    Speed  of 

Horee-      ..  Skip  Load  m^      i  m  •        r^ 

tions  per      ^^^     ,       mum  Travel  Skip  or  Cage 
power        --.     f;         PoundB  .est*  »*•     T 

Mmute  of  Skip        per  Mmute 

Feet 
East  Vulcan  No.  4...         200  360  6,700  1,557  590 

WestVulcan 350  360  6,000  1,546  588 

Curry 350  360  12,000  1,410  600 

Brier  HiU 450  300  12,000  989  600 

The  first  hoist  at  these  mines  constructed  solely  for  electric  hoisting 
was  installed  at  the  Brier  Hill  shaft.    This  hoist  has  two  drums  with 


Fio.  7. — Parallel  Drums  Driven  bt  Either  Engine  or  Motor. 


\ 


/ 


shells  of  steel  plate  12  ft.  in  diameter  by  5  ft.  9  in.  face,  and  two  cast-iron 
conical  drums,  of  which  the  small  diameter  is  4  ft.  6  in.  and  the  large 
diameter  17  ft.  These  drums,  Fig.  8,  are  keyed  on  two  parallel  shafts,  a 
cylindrical  and  a  conical  drum  on  each  shaft.  Each  cylindrical  drum  is 
driven  by  a  Lane  friction  clutch  from  a  cut  spur  gear  having  144  teeth, 
4-in.  circular  pitch  and  12-in.  face.  The  pinion  has  46  teeth,  giving  a 
gear  ratio  of  3.13  to  1.  On  the  pinion  shaft  is  a  rope  wheel  21  ft.  6  in.  in 
diameter,  having  24  grooves  for  IJ-in.  manila  rope.    The  pulley  on  th^ 
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motor  is  4S  in.  in  diameter.  The  friction  clutches  and  band  brakes  are 
operated  by  compressed-air  cylinders  each  having  an  oil  cylinder  to  pre- 
vent jumping  and  to  hold  it  at  any  point.  Safety  devices  on  this  hoist 
fulfill  the  same  conditions  as  those  on  the  Curry  hoist,  but  are  more 
complicated  and  will  not  be  described  m  detail  here. 

Before  putting  in  this  plant  it  was  thought  that  a  hand-operated 
controller  for  so  large  a  motor  as  450  b.p.  would  be  hard  to  handle,  so  an 
automatic  controller  operated  by  alternating-current  solenoids  with  a 
master  controller  was  installed.    This  controller  required  frequent  atten- 


Fio,  8,— Hoist  at  Bbibr  Hill  Sbatt. 

tion  and  was  very  noiey.  It  has  been  replaced  with  a  water  rheostat, 
which  after  eome  experimenting  was  built  as  shown  in  Fig.  9.  The  tank 
is  of  concrete,  open  on  top  and  nearly  full  of  a  weak  solution  of  carbonate 
of  soda.  A  timber  crosshead  is  suspended  above  the  tank  and  to  the 
under  side  of  it  four  iron  plates  are  attached.  The  plates  are  connected 
to  the  three  secondary  leads  from  the  motor  as  indicated  in  the  drawing. 
The  crosshead  and  plates  are  raised  and  lowered  by  a  rope  which  leads 
from  an  air  cylinder  in  the  hoist  house.  The  plates  are  trapezoids  in  shape 
with  the  shortest  aide  down  and  they  are  set  at  angles  to  each  other  so 
that  the  lowest  parts  are  the  greatest  distance  apart.  As  the  plates 
descend  into  the  water  the  areas  increase  rapidly  and  the  parts  at  the 
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Fig.  9. — Water  Rheostat  Controller  for   500-h.p.  Induction  Motor  Hoist 

Service. 


^/r  oficratid 
primary   8wftc/r. 


Operators  Handfe. 


Air  sv/fp/y. 

^  wa.y  aJr  ^faJye. 

£%ha,ust 


IN@ 


a 


D 


D 


7^  crotshtAd 
CArr/ifff  ^ates. 


Unchor 


Air  cylinder.         oil  rttturdiry  c/li/rder. 
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surface  of  the  water  are  closer  together,  so  that  the  electrical  resistance  is 
reduced.  The  setting  of  the  plane  of  the  plates  at  an  angle  with  the 
perpendicular  also  stirs  up  the  solution  to  some  extent.  Between  each  pair 
of  plates  are  smaller  plates  much  closer  together,  electrically  connected 
to  the  large  plates,  and  at  such  a  height  that  they  enter  the  water  just  as 


-«^ss 


Fig.  11. — Starting  Curve  with  Water  Rheostat. 

the  large  plates  become  completely  submerged.  By  adjusting  the  dis- 
tance between  these  small  plates  the  amount  of  slip  of  the  motor  when 
pulling  full  load  at  full  speed  can  be  varied. 

The  mechanism  for  regulating  the  speed  with  which  the  plates  are 


Fig.  12. — Starting  Curve  with  Automatic  Controller. 

lowered  into  the  water,  for  raising  the  plates  out  of  the  water,  and  for 
operating  the  primary  switch  is  shown  in  Fig.  10.  A  four-way  valve 
having  only  two  positions,  "on"  and  "ofif,"  is  handled  by  the  operator. 
In  the  "on"  position  air  is  admitted  to  a  small  cylinder  which  closes  the 
primary  switch,  and  the  pipe  leading  to  the  air  cylinder  is  opened  to 
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ethaust.  The  weight  of  the  croashead  and  plates  causes  them  to  sink  into 
the  water  at  a  speed  determined  by  the  amount  of  opening  of  the  by-pass 
valve  on  the  oil  cylinder.  When  the  hoist  is  nearly  completed  the 
operator  throws  the  handle  to  the  "off"  position.  This  allows  the  air 
b  the  primary  switch  cylinder  to  exhaust,  thereby  opening  the  switch, 
and  at  the  same  time  admits  air  into  the  air  cylinder,  thus  raisii^  the 
plates  nearly  out  of  the  water. 

Fig.  11  shows  the  starting  curve  with  this  water  rheostat.    Fig.  12 
shows  the  corresponding  curve  with  the  automatic  controller  previously 


Fio.  13.— Hoist  at  Cubbt  Shait. 

used.  On  comparing  these  it  will  be  seen  that  acceleration  was  accom- 
plished with  the  water  rheostat  in  20  sec.,  while  it  took  40  sec.  with  the 
automatic  controller,  and  the  power  drawn  from  the  line  was  much  more 
uiufonn  vrith  the  former.  The  curve  in  Fig.  11  also  shows  the  prac- 
tically po^ect  counterbalancing  of  the  skip  and  the  unbalanced  load  of 
the  cage. 

The  Curry  hoist,  shown  in  Fig.  13,  was  designed  and  built  by  the  Fenn 
Iron  Mining  Co.  It  has  been  in  service  since  March,  1912.  It  has  two 
cast-iron  drums  12  ft.  in  diameter  by  6  ft.  face  on  the  same  shaft,  each 
drum  having  a  band  brake  10  in.  wide,  12  ft.  in  diameter,  and  driven. 
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independently  by  a  Lane  friction  clutch  12  in.  wide,  which  grips  a  friction 
ring  10  ft.  4  in.  in  diameter. 

The  main  shaft  is  driven  by  a  Falk  cut  helical  gear  haying  181  teeth, 
l^'in.  circular  pitch,  and  an  18-in.  face.  The  pinion  meshing  with  this 
gear  has  19  teeth,  giving  a  gear  ratio  of  9.52  to  1.  On  the  pinion  shaft  is 
a  rope  wheel  9  ft.  10  in.  in  diameter  having  24  V-grooves  for  IJ-in. 
manila  rope.  The  rim  of  this  rope  wheel  is  3J  in.  thick,  to  give  it  the 
proper  amount  of  inertia.  This  rope  wheel  is  driven  from  the  350-h.p. 
motor  by  a  rope  pulley  50  in.  in  diameter. 
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FiQ.  14. — Safety  Devicb  on  Hoists. 


The  friction  clutches  and  band  brakes  are  power  operated.  In  the 
basement  is  a  small  motor-driven  triplex  pump  which  takes  oil  from  a 
suction  tank  and  pumps  it  into  a  pressure  tank.  When  all  the  oil  in  the 
system  is  in  the  pressure  tank  it  is  only  one-third  full  of  oil,  two-thirds  of 
the  volume  being  compressed  air  at  80  lb.  gauge  pressure.  As  fast  as 
oil  is  used  and  exhausted  into  the  suction  tank  the  pump  puts  it  back  into 
the  pressure  tank.  When  there  is  no  oil  in  the  suction  tank  the  pump 
draws  air,  which  is  compressed  and  delivered  into  the  pressure  tank.  A 
small  safety  valve  allows  the  escape  of  any  excess  air.  The  brake  is 
released  by  an  oil  cylinder  and  set  by  a  weight,  oil  being  admitted  or  ex- 
hausted by  a  three-way  valve.  The  hand  lever  operating  this  valve  is 
connected  differentially  to  the  brake  lever  so  that  the  brake  follows  the 
operator's  hand.    The  clutch  is  engaged  by  an  oil  cylinder  and  released 
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by  &  weight  in  the  same  manner.  The  use  of  oil  under  pressure  instead 
of  compressed  air  or  steam  insures  smooth  action  of  the  clutch  and  brake, 
middng  sudden  starting  or  stopping  ahnost  impossible,  while  the  use  of 
weights  to  release  the  clutch  and  set  the  brakes  insures  a  reliable  source  of 
power  for  stopping. 

The  safety  device  stops  the  drum  under  any  one  of  four  conditions, 
viz.:  Lowering  too  rapidly;  overwinding;  at  a  point  90  ft.  above  the 
bottom  when  lowering;  and  at  a  point  50  ft.  below  the  surface  when  com- 


Fio.  16. — Satbtt  DEVicia. 

ing  up.  The  two  latter  stops  are  under  the  control  of  the  brakeman, 
so  that  if  he  is  aware  of  the  position  of  the  cage  or  skip  he  can  disconaect 
either  of  these  two  devices.  Referring  to  Fig.  14,  the  levers  which 
operate  the  valves  of  the  clutch  and  brake  cylinders  are  shown,  one 
in  the  "running"  position  and  one  in  the  "stop"  position.  A  solenoid 
is  arranged  to  release  a  weight  which  puts  both  clutch  and  brake  levers 
into  the  "stop"  position.  It  remuns  then  to  have  a  contact  made 
that  will  send  a  current  through  the  solenoid  when  it  is  desired  to  stop 
the  drum.  The  contact  for  stopping  when  lowering  too  rapidly,  the 
coDdition  first  mentioned,  is  made  hy  a  simple  fly  ball  governor,  shown 
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in  Fig.  15.  The  other  three  conditions  are  controlled  by  means  of  the 
device  shown  in  Fig.  14.  A  screw,  driven  by  the  drum,  carries  a  nut  with 
teeth  which  strike  a  pawl  on  the  contact  wheel,  turning  the  wheel  slightly 
and  thus  making  a  contact.  By  slightly  turning  the  shaft  which  carries 
the  contact  wheels,  the  pawls  are  lifted  and  the  nut  travels  under  without 
turning  the  wheel-  The  shaft  may  be  turned  by  pressing  on  the  "dead 
man's  button."  The  contact  for  the  overwind  needs  no  description. 
Fig.  16  gives  a  general  view  of  this  safety  device.  This  device  has  been 
tried  many  times  and  all  of  the  four  conditions  have  always  been. met. 

The  ore  formations  at  Vulcan  are  inclined  at  varying  angles  from 
46**  to  90°  from  the  horizontal,  but  all  the  shafts  are  vertical  with  the 


To  BoMrroe 


Fig.  16. — Abranobment  op  Curry  Hoibt  and  Balance  Dritms. 


exception  of  the  lower  part  of  East  Vulcan  No.  4.  The  ore  bodies  are 
very  irregular  in  shape  and  may  be  considered  ore  shoots  rather  than 
lenses.  The  quantities  on  different  levels  vary  greatly.  For  this  reason 
hoisting  with  independent  drums  rather  than  with  drums  in  balance 
presents  advantages.  A  single  drum  at  any  of  the  shafts  will  carry  aU 
the  ore  required  and  work  more  or  less  intermittently.  This  economizes 
shaft  space,  and  with  a  plant  of  two  drums  one  can  be  used  for  a  skip 
and  the  other  for  a  cage. 

In  the  important  installations  the  weight  of  the  skips,  and  when 
heavy  the  weight  of  the  cage,  is  counterbalanced  by  a  weight  in  the 
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shaft.  The  road  for  the  counterbalance  requires  very  little  space  in  the 
shaft,  as  the  counterbalance  is  made  fairly  long  and  small  in  the  other 
directions.  In  one  case  an  old  Cornish  pump  plunger  16  in.  in  diameter 
and  10  ft.  long  partly  filled  with  scrap  has  been  used. 

At  East  Vulcan  No.  4  and  Curry,  in  order  to  balance  and  equalize 
the  weight  of  the  ropes,  the  counterbalance  rope,  after  leaving  the 
hoisting  drum,  passes  outside  of  the  hoisting  house  to  one  of  two  con- 
nected conical  drums  toward  its  smaller  diameter,  while  from  the  larger 
diameter  of  the  other  drum  another  rope  leads  to  the  shaft  and  carries 
the  counterweight,  as  shown  in  Fig.  16.  The  uniformity  of  the  balancing 
throughout  the  travel  of  the  skip  in  the  Curry  hoist  is  shown  in  Fig.  17. 
In  the  Brier  Hill  plant,  instead  of  the  pair  of  conical  drums  outside  the 
hoisting  house  there  is  a  conical  drum  on  the  shaft  with  each  of  the 
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main  hoisting  drums  and  the  counterbalance  rope  leads  from  the  smaller 
end  of  the  conical  drum  (see  Figs.  8  and  18).  This  arrangement  is 
possible  only  when  the  hoisting  drums  are  set  tandem  to  each  other. 
The  strains  on  the  counterbalance  drum  are  so  much  less  than  on  the 
hoisting  drum  that  it  can  be  very  much  lighter  and  there  are  fewer 
difficulties  in  its  structural  features  than  where  conical  drums  are  used 
for  hoisting.  The  counterbalancing  of  the  ropes  by  means  of  a  single 
conical  drum  necessitates  the  use  of  a  drum  with  a  wide  difference  between 
its  end  diameters,  a  difference  which  in  some  cases  is  almost  impracticable, 
and  in  any  case  requires  deep  grooving.  Such  a  drum  is  more  expensive 
both  for  itself  and  for  the  inclosing  building  than  the  pairs  of  drums 
used  on  the  other  plants  and  is  heavier,  thereby  increasing  the  inertia. 

In  order  to  equalize  the  weight  of  the  ropes  in  every  part  of  the  shaft 
as  nearly  as  possible  the  angle  of  the  cones  must  be  carefully  designed. 
To  obtain  absolute  equalization  would  require  a  cone  of  which  the 
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outlines  of  a  longitudinal  section  would  be  curved  rather  than  straight, 
but  the  difference  in  counterbalancing  effect  in  different  parts  of  the 
shaft  can  usually  be  kept  within  100  or  200  lb.  with  straight  cones. 

In  thus  counterbalancing  the  dead  weights  some  allowance  must  be 
made  so  that  the  descending  skip  will  overhaul  the  drums,  This  re- 
quires generally  an  unbalanced  load  of  not  exceeding  800  lb.  The 
excess  of  weight  of  the  empty  skip  or  cage  should  only  be  such  as  to  take 
it  down  with  little  or  no  application  of  the  brake  for  the  greater  part  of 


1^0.  18. — AttttANQ&uSHT  OF  Brieb  Hill  BAi.AJtcB  Dbous. 

its  travel.  In  a  shaft  2,000  ft.  deep,  where  the  weight  of  ore  hoisted  is 
12,000  lb.,  the  weight  of  the  skip  7,400  lb.,  and  of  the  rope  4,900  lb.,  or  a 
total  dead  weight  of  12,300  lb.,  the  loss,  neglecting  friction,  would  be 
50.6  per  cent.  When  the  dead  weights  are  counterbalanced  to  within 
800  lb.  the  loss  is  only  6,6  per  cent. 

In  this  method  of  counterbalancing  the  conical  drums  have  been 
designed  so  that  the  total  travel  of  the  counterbalance  will  be  so  much  less 
than  that  of  the  skip  or  cage  that  the  counterweight  will  never  come  to 
the  surface  when  the  skip  or  cage  is  at  the  bottom  of  the  shaft.  This 
has  been  done  to  avoid  the  freezing  of  the  counterweight  to  its  guides 
in  severe  winter  weather. 
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For  a  counterbalance  recently  designed  for  one  of  the  Republic  shafts, 
in  place  of  the  two  conical  drums  there  are  a  nearly  cylindrical  drum  and 
a  reel  for  a  flat  rope  which  carries  the  counterweight.  This  method  of 
counterbalancing  can  be  used  for  a  depth  of  at  least  3,000  ft.  in  a  vertical 
shaft  with  a  load  of  ore  of  12,000  lb.,  as  illustrated  in  Fig.  19.  In  Fig. 
20  is  shown  the  uniformity  of  the  balancing. 

When  a  skip  is  in  the  dump  a  part  of  its  weight  rests  on  the  members 
of  the  head  frame  and  it  is  necessary  to  make  some  compensation  so  as 
to  maintain  the  equalizing  of  the  weights  at  that  point  as  well  as  at  other 


^B^hnce   Weiyht  Uft, 


af  Conical  Drt/m, 


Skiff  Down 


F/at  Tiope. 


Hoisting 


Fig.  19. — Method  op  Counterbalancing  fob  3,000-pt.  Vertical. 


points  in  the  travel.  This  has  been  accomplished  in  several  ways.  One 
way  was  to  have  the  counterweight  made  in  parts,  the  upper  part  of  larger 
cross  section  than  the  lower  part,  so  that  when  the  skip  was  entering  the 
dump  the  larger  part  of  the  counterweight  near  the  bottom  of  the  shaft 
would  be  caught  on  stationary  projections  from  the  shaft  timbers  and 
held  there,  to  be  caught  up  again  when  the  skip  came  out  of  the  dump. 
Even  with  slowly  traveling  ropes  this  put  on  a  sudden  strain  which  was 
not  desirable.  Another  method  that  has  been  used  is  to  curve  the 
counterweight  road  at  the  bottom  so  that  the  vertical  component  of  the 
weight  decreases  similarly  to  that  of  the  skip  when  it  goes  into  the  dump. 
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This  answers  the  purpose  excellently,  but  the  curved  road  requires 
additional  rock  excavation  in  the  mine  and  is  expensive  to  build  and 
maintain.  Also,  when  new  levels  are  sunk  the  location  of  the  curve 
must  be  changed.  No  attempt  has  been  made  to  make  this  equaliza- 
tion by  change  in  diameters  on  the  conical  drums,  for  like  reason.  The 
method  which  has  proved  to  meet  the  conditions  most  satisfactorily  is 
to  have  the  frame  of  the  skip  pick  up  a  weight  as  the  box  goes  into  the 
dump.  In  order  to  take  the  weight  gradually  and  without  jar,  an  idler 
wheel  36  in.  in  diameter  attached  to  the  top  of  the  bail  of  the  skip  en- 
gages a  rope  which  lies  across  the  skip  compartment  just  as  the  box  of 
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Fig.  20. — Cubvbb  Showing  Variation  in  Balance  with  Reel  and  Drum. 

l}-m.  hoisting  rope,  9,000  lb.;  {  by  2}-in.  fiat  balance  rope,  5,100  lb.;  weight  of 

skip,  7,e00  lb.;  weight  of  balance,  8,400  lb.;  load  raised  (ore),  12,000  lb. 

the  skip  starts  into  the  dump.  One  end  of  the  rope  is  fixed,  the  other 
end  passes  over  a  vertical  wheel  and  has  a  weight  attached  to  it.  The 
weight  does  not  hang  over  the  shaft  and  a  fence  prevents  any  one  from 
getting  under  it.  Without  this  "take-on"  balance  or  a  similar  device 
it  would  not  be  possible  to  have  the  counterweight  in  the  shaft  as  heavy 
as  it  might  otherwise  be  by  several  hundred  pounds.     (See  Fig.  21.) 

The  use  of  a  counterweight  with  independent  skips  and  cages  not  only 
reduces  the  total  work  but  makes  the  work  after  the  moving  parts  are  up 
to  speed  equal  throughout  the  whole  of  the  travel.  In  hoisting  with  skips 
in  balance,  unless  there  is  a  tail  rope  the  weight  of  one  of  the  ropes  is  added 
to  the  required  starting  torque,  gradually  decreases,  is  balanced  half  way 
up  and  thereafter  increases  negatively. 

In  the  system  of  hoisting  described  the  extra  power  required  to  start 
the  skip  or  cage  and  accelerate  it  is  provided  for  in  the  fly-wheel  action  of 
the  revolving  parts,  especially  in  the  larger  rope  wheel.    The  design  is 
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based  on  the  requirement  that  the  energy  stored  is  sufficient  to  accelerate 
the  load  without  reducing  the  speed  below  the  slip  speed  of  the  motor. 
In  this  method  no  resistance  is  required  to  reduce  the  speed,  as  in  the 
Ilgner  system,  and  that  loss  is  eliminated.  The  drums  are  controlled 
mechanically  by  means  of  a  clutch  and  a  brake  in  the  same  way  that  has 
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Fia.  21.— "Take  On"  BiiLANCB. 

been  in  general  practice  for  years  with  steam  plants  of  like  design.  If 
built  with  ample  surfaces  the  clutches  and  brakes  are  effective  and  require 
very  little  attention.  The  Brier  Hill  hoist  was  started  in  April,  1910,  and 
has  run  three  years  and  seven  months,  hoisting  during  that  time  500,000 
tons  of  ore.  The  original  frictions  are  still  in  service.  The  Curry  hoist 
has  run  20  months  and  hoisted  150,000  tons  without  requiring  a  replace- 
ment of  the  frictions.  When  the  counterweights  are  used  the  brakes  also 
require  very  little  attention.  The  control  of  a  drum  by  means  of  a 
mechanical  clutch  and  brake  is  as  simple  and  exact  as  can  be  desired. 
This  system  has  the  same  advantage  as  the  Ilgner  system  in  the  fly-wheel 
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action  to  prevent  any  peak  load  in  starting  the  drum,  but  the  fly-wheel 
effect  is  limited  to  what  is  sufficient  for  that  purpose  and  is  not  intended 
to  provide  power  to  hoist  much  after  the  power  is  shut  off.  As  hoisting 
at  these  mines  is  generally  intermittent  the  practice  is  to  start  up  the 
motor  when  the  signal  to  hoist  comes  in.  It  takes  about  20  sec.  to  get  it 
up  to  speed.  Before  the  skip  or  cage  reaches  the  top  the  current  is  cut 
off  and  the  travel  is  completed  by  means  of  the  momentum  of  the  moving 
parts.  The  motor  is  then  idle  until  there  is  another  call  to  hoist.  When 
hoisting  is  irregular  the  saving  over  the  Ilgner  system  by  not  having  to 
keep  a  heavy  fly  wheel  in  motion  is  considerable.  There  is  also  a  con- 
siderable saving  in  the  mechanical  control  over  the  Ilgner  control  by  the 
omission  of  the  direct-current  generator  and  motor.  There  is  some  loss, 
however,  in  the  mechanical  appliances  of  a  clutch  and  brake,  but  these 
probably  do  not  equal  the  rheostat  losses  of  the  other  system.  It  must 
be  admitted  that  no  power  can  be  derived  from  lowering  timber,  men, 
tools  and  other  weights,  as  in  the  case  of  the  Ilgner  system  or  with  a 
compressed-air  system  such  as  has  been  recently  installed  at  Butte  and 
described  in  B.  V.  Nordberg's  paper  entitled  The  Compressed- Air 
System  of  the  Anaconda  Copper  Mining  Co.'  No  continued  record  at  the 
Penn  mines  is  available  for  these  lowered  weights,  but  a  careful  record  for 
a  week  at  one  shaft,  at  which  the  greatest  amount  of  timber  is  lowered, 
shows  that  the  lowered  weights  are  5.67  per  cent,  of  the  weights  hoisted. 
Only  a  small  fraction  of  this  loss  could  be  recovered  by  either  the  Ilgner 
system  or  the  compressed-air  system  at  Butte*  The  total  weight  lowered 
at  Brier  Hill  in  a  week  is  less  than  250  tons,  a  distance  of  750  ft.,  and  the 
power  wasted  costs  only  47  c.  to  generate. 

The  following  figures  show  the  results  of  tests  of  hoisting  at  the  Brier 
Hill  and  Curry  shafts.  By  "live  ton-feet"  is  meant  the  live  load  of 
ore  in  tons  multiplied  by  the  number  of  feet  hoisted  vertically. 

Results  of  Test  on  Brier  Hill  Electric  Hoist 


Date  Nov., 

Kilowatt- 

--No. 

of  Tons  Hoisted  from — » 

Live  Ton- 

Kilowatt- 

1911 

hours 

5th 

6th 

8th 

9th 

feet 

hours  per 

Level 

Level 

Level 

Level 

Live  Ton- 
foot 

6 

663 

6 

24 

195 

228 

371,424 

0.001515 

7 

578 

3 

33 

183 

249 

384,579 

0.001505 

8 

558 

3 

30 

180 

240 

372,480 

0.001497 

9 

597 

9 

36 

168 

270 

396,162 

0.001507 

10 

615 

6 

30 

183 

279 

410,853 

0.001496 

11 

287 

0 

12 

75 

141 

190,671 

0.001510 

Total  3,198  *  2,126,169        0.001504 

From  the  5th  level  to  the  dump  is  480  ft.;  6th  level,  592  ft.;  8th  level,  780  ft.;  9th 
level,  887  ft.    Load,  two  cars  or  12,000  lb.  of  ore.     Hoisting  speed,  600  ft.  per  minute. 

. » Tran8„  xlvi,  826  (1913). 
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It  takes  at  the  rate  of  2.256  kw-hr.  to  hoist  1  ton  of  ore  1,500  ft.  and 
the  cost  of  power  for  this  work  is  0.764  c. 

Results  of  Test  on  Curry  Electric  Hoist 


Date  June, 

Kilowatt^ 

' — No.  of  Tons  from — - 

Live  Ton- 

Kilowatt-hours 

1912 

hours  Integ- 

16th 

17th 

feet 

Per  Live  Ton- 

rating  Meter 

Level 

Level 

foot 

12 

243.75 

117 

12 

169,956 

0.001434 

13 

462.5 

210 

36 

325,440 

0.001421 

•    14 

481.25 

243 

18 

343,224 

0.001402 

17 

450 

258 

3 

• 

341,694 

0.001318 

18 

456.25 

216 

24 

316,368 

0.001442 

19 

462.5 

228 

21 

327,834 

0.001411 

20 

462.5 

222 

18 

315,756 

0.001465 

Total 

3.018.75 

2.140.272 

0.0014104 

From  the  16th  level,  1,308  ft.  to  the  dump;  17th  level,  1,410  ft.  Hoisting  speed, 
600  ft.  per  minute.    Load,  two  cars  or  12,00D  lb.  of  ore. 

It  takes  at  the  rate  of  2.1156  kw-hr.  to  hoist  1  ton  of  ore  1,500  ft.  and 
the  cost  of  power  for  this  work  is  0.712  c. 

On  a  capacity  test  recently  made  on  the  Curry  hoist  13  skips,  or  ap- 
proximately 78  tons,  of  ore  was  raised  1,410  ft.  in  61  min.  This  is 
equivalent  to  325,000  to  350,000  tons  a  year. 

From  data  collected  during  this  test  it  has  been  estimated  that  with  a 
hoisting  speed  of  1,200ft.  per  minute,  which  is  well  within  safe  limits,  an  out- 
put of  300,000  tons  per  year  could  be  obtained  from  a  depth  of  3,000  ft., 
and  greater  q  uan titles  at  less  depth.  In  addition  to  the  very  high  efficiency 
of  this  system  of  hoisting,  the  comparatively  small  cost  of  the  hoisting 
plant  and  accessories,  the  saving  in  the  size  of  the  building  to  inclose  it 
and  the  decreased  space  required  in  the  shaft  must  be  considered. 


Electrically  Driven  Air  Compressors 

In  substituting  electrical  for  steam  machinery  at  the  Vulcan  mines 
four  compressors  were  installed.  At  East  Vulcan  the  compressor  is  two- 
stage,  having  a  capacity  of  2,200  cu.  ft.  of  free  air  per  minute  at  a 
speed  of  120  rev.,  driven  by  a  rope  drive  from  an  induction  motor  of 
350  h.p.,  2,200  volts  at  360  rev.  per  minute..  At  West  Vulcan  two  two- 
stage  compressors  were  put  in.  Each  has  a  capacity  of  3,300  cu.  ft.  of 
free  air  per  minute,  runs  at  72  rev.  per  minute  and  is  driven  by  a  rope 
drive  from  an  induction  motor  of  460  h.p.,  6,600  volts  at  300  rev.  per 
minute.  At  Norway  a  straight-line,  two-stage  compressor  of  780  and 
390  cu.  ft.  of  free  air  per  minute  was  changed  by  removing  the  steam 
cylinder,  putting  a  belt  wheel  on  the  main  shaft  and  driving  it  from  a  two- 
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speed  induction  motor  of  100  h.p.,  2,200  volts  at  600  and  300  rev.  per 
minute.  The  use  of  rope  drives  for  the  larger  compressors  and  a  belt  for 
the  small  one  permitted  the  use  of  high-speed  motors  with  comparatively 
low-speed  compressors,  and  this  was  less  expensive  than  compressors  with 
motors  on  the  main  shaft.  The  loss  in  efficiency  of  the  rope  drive  is  2 
per  cent.,  while  there  is  a  gain  in  efficiency  and  power  factor  with  a  high- 
speed motor  over  a  slow-speed  motor. 

The  rope  drives  for  the  compressors  and  hoists  at  Vulcan  and  Re- 
public have  been  very  satisfactory.  At  Republic  one  transmission  rope 
has  been  in  use  over  10  years,  although  its  continuous  service  would  be 
only  about  half  that,  as  the  plant  consists  of  two  compressors  driven  by 
water  wheels  which  do  not  always  run  at  the  same  time  on  account  of 
lack  of  water. 

The  experience  of  the  past  few  years  indicates  that  it  would  have 
been  a  less  expensive  and  more  efficient  installation  if  instead  of  putting 
in  compressors  at  the  three  mines  they  had  all  been  placed  at  the  more 
central  point  at  West  Vulcan  with  pipe  lines  to  East  Vulcan,  1|  miles, 
and  to  Norway,  1|  miles.  If  that  had  been  done  three  compressors,  of 
1,500,  3,000,  and  4,000  cu.  ft.  of  free  air  per  minute,  would  have  supplied 
all  the  requirements  and  could  be  run  as  required  at  nearly  full  capacity 
at  all  times.  The  pipe  lines  would  have  been  less  expensive  than  the 
additional  compressor  required  in  the  plan  adopted. 

The  varying  demand  for  air  is  readily  met  with  steam  compressors 
by  varying  the  speed,  but  with  constant-speed  motor-driven  compressors 
some  means  must  be  used  to  reduce  the  quantity  of  air  compressed  and 
the  amount  of  power  required.  All  of  the  above-mentioned  electrically 
driven  compressors  have  choking  inlet  controllers.  The  controllers  on 
the  West  Vulcan  compressors  have  oil  dash  pots  which  allow  the  in- 
let to  be  partly  or  entirely  closed.  On  each  end  of  the  high-pressure 
cylinder  is  a  valve  that  connects  the  two  ends  of  the  cylinder  when  the 
pressure  in  the  intercooler  drops  below  atmosphere.  This  by-passes 
the  air  and  prevents  excessive  heating  such  as  would  result  if  air  were 
compressed  in  one  cylinder  from  a  partial  vacuum  to  full  receiver  pres- 
sure. The  East  Vulcan  compressor  has  a  choking  inlet  controller  with- 
out the  oil  dash  pot,  and  instead  of  by-passing  the  air  from  one  side  of 
the  high-pressure  piston  to  the  other,  it  opens  each  end  to  the  atmos- 
phere when  there  is  a  partial  vacuum  in  the  intercooler. 

Tramming 

The  output  of  the  Penn  mines  has  averaged  for  the  last  few  years 
about  400,000  tons  a  year,  and  this  comes  from  several  shafts  and  from 
several  levels  in  each  shaft.  There  is  no  ore  body  of  such  size  or  distance 
from  a  shaft  as  to  justify  the  installation  of  power  trams.    Considering 
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the  quantities,  trammiDg  with  mules  is  satisfactory  and  economical. 
On  good  roads  with  even  grade,  a  single  mule  for  some  time  regularly 
drew  loads  of  tax  cars,  or  12  tons,  of  ore  a  distance  of  2,500  ft.  The 
maximum  load  recorded  was  13  cars,  or  about  26  tons. 

The  ore  hoisted  during  the  winter  months  is  stocked  on  surface.  As 
there  are  two,  three,  or  four  grades  at  each  shaft,  it  is  necessary  in  suouner 
to  transport  the  ore  from  the  shaft  to  the  different  pockets  at  the  rail- 
road.    The  movement  to  stock  pile  or  pocket  is  done  by  a  car  with  end- 
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less  rope  which  is  moved  by  wheels  geared  to  a  motor.  This  plant  is 
shown  in  Fig.  22.  The  tram  is  driven  by  a  20-h.p.,  22a-volt,  720-rev. 
per  minute,  wound-rotor,  reversible,  induction  motor.     . 

The  drive  wheel  is  made  with  a  rim  in  halves  that  can  be  easily  re- 
placed. The  drum  has  four  j-in.  grooves  on  its  outer  circumference. 
About  4  ft.  from  the  center  of  the  drum  is  a  shaft  carrying  three  idler 
wheels,  the  center  one  being  keyed  to  the  shaft  and  the  two  outer  ones 
being  loose  on  the  shaft.  This  shaft  is  set  at  an  angle  to  the  horizontal 
so  that  the  top  of  one  wheel  is  in  line  with  the  first  groove  of  the  drum, 
while  the  bottom  of  the  same  wheel  is  in  line  with  the  second  groove  on 
the  drum.  The  rope  is  led  to  the  first  groove  on  the  drum,  then  around 
vol-  xLTm. — 19 
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one  idler,  to  second  groove,  and  so  on.  Having  three  separate  wheels 
for  the  idlers  reduces  the  tendency  of  wear  to  cause  a  differential  strain 
on  the  rope.  The  drum  being  split  allows  of  its  being  replaced  quickly 
when  the  grooves  show  a  difference  in  diameter  caused  by  wear.  The 
load  of  the  car  is  about  6  tons  of  ore  and  there  are  curves  in  the  track  of 
25-ft.  radius.  The  trestles  used  for  stocking  in  winter  are  taken  down  as 
the  ore  is  loaded  by  a  shovel  during  the  season  of  navigation,  and  are 
set  up  again  in  the  fall.  This  is  considered  cheaper  than  to  build  out 
tracks  on  the  ore  as  it  is  dumped.  It  also  avoids  the  necessity  of  any 
one  going  out  on  the  trestle  during  the  cold  weather  except  occasionally 
to  oil  the  rollers.     The  danger  of  derailnient  does  not  involve  life. 

For  these  reasons  and  because  there  has  been  no  other  need  for  direct 
current  a  trolley  system  of  tramming  has  not  been  considered.  The 
quantity  of  power  is  comparatively  so  small  that  the  question  of  efficiency 
is  secondary  to  the  other  elements. 

Signal  System 

Electric  bell  signals  were  originally  operated  by  direct  current  from 
primary  batteries  using  one  weather-proof  wire  for  each  signal  (skip, 
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Fig.  23. — Signal  System. 


cage,  or  grade)  and  a  common  return.  So  much  trouble  was  experienced, 
due  principally  to  electrolysis,  that,  before  the  general  alternating-cur- 
rent system  was  put  in,  a  telephone  magneto  was  used  by  plugging  in  at 
different  levels  and  ringing  by  hand.  This  prevented  any  one  except  the 
conductor  for  the  cage  and  the  dumpers  for  the  skip,  who  were  furnished 
with  magnetos,  from  ringing  any  signals,  and  stopped  all  trouble  from 
electrolysis. 
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When  alternating  current  was  available  the  present  system^  shown 
m  Fig.  23,  was  developed.  A  small  transformer  takes  110-volt  current 
from  the  lighting  system  and  reduces  it  to  30  volts.  One  side  of  this 
low-voltage  circuit  is  connected  to  the  ground,  while  the  other  side  leads 
to  a  relay  for  each  of  the  bells  in  the  hoist  house,  skip,  and  cage,  and  to 
one  side  of  a  grade  beU  in  the  shaft  house.  The  other  side  of  each  relay 
and  the  grade  beU  are  each  connected  to  one  of  three  No.  4  bare  copper 
wires  supported  on  insulators  down  the  shaft.  By  grounding  any  one 
of  these  three  wires  a  current  wiU  flow  through  the  grade  bell  or  relays 
in  the  hoisting  house.  The  bell  wire  for  the  cage  is  near  the  center  of 
one  side  of  the  compartment,  so  that  it  is  nearly  impossible  to  reach  it 
at  any  landing  place  unless  one  stands  on  the  cage.  A  short  piece  of 
flexible  wire,  with  a  bare  piece  of  No.  4  solid  wire  at  the  end,  is  fastened 
to  the  iron  work  of  the  cage,  so  that  the  beU  wire  for  the  cage  can  be 
grounded  from  the  cage  at  any  point  whether  at  rest  or  moving.  This 
plan  prevents  any  one  from  ringing  the  bell  for  the  cage  except  from  the 
cage  itself.  The  ringing  of  the  cage  beU  when  the  cage  is  not  in  sight, 
although  against  all  rules,  is  occasionally  done  and  is  very  likely  to  have 
serious  consequences.  It  is  the  practice  at  these  mines  to  have  each 
cage  handling  men,  timber,  and  tools  in  charge  of  a  conductor,  whose 
place  generally  is  riding  on  the  cage. 

The  skip  and  cage  bells  are  16  in.  in  diameter  and  are  struck  a  heavy 
blow  by  an  alternating-current  solenoid  using  a  local  110-volt  circuit, 
this  circuit  being  closed  by  the  relay.  In  addition  to  ringing  the  bell 
very  loudly  an  indicator  registers  the  number  of  bells  rung  and  a  lamp 
lights.    This  bell,  lamp,  and  indicator  can  be  seen  in  Fig.  13. 

PowEB  Lines  in  the  Shafts 

All  current  carried  underground  is  2,200-volt,  three-phase,  60-cycle 
alternating.  At  the  West  Vulcan  and  East  Vulcan  No.  4  shafts  three 
separate  lines  of  conduit  are  carried  from  the  surface  sub-station  to  the 
pump  rooms.  Each  conduit  incloses  three  separate  transmission  wires, 
two  of  the  conduits  having  No.  00  stranded  wires  and  one  having  500,000 
circular  mils  stranded  cable.  Each  wire  is  insulated  with  rubber  for 
7,500  volts,  the  wall  being  of  30  per  cent.  Para  rubber  yV  ^-  thick. 
The  three  wires  are  supported  on  strain  insulators  in  the  shaft  house 
and  at  stations  about  every  500  ft.  The  conduit  is  sealed  at  the  upper 
end  around  the  wires  to  prevent  the  entrance  of  moisture  and  is  open 
at  the  lower  end  to  allow  the  moisture  of  condensation  to  get  out.  The 
first  conduits  used  at  the  Penn  mines  were  3-in.  pipe  lined  with  fiber. 
The  inside  diameter  was  so  small  that  it  was  hard  to  pull  the  three  wires 
in  and  after  being  used  some  time  the  moisture  caused  the  fiber  to  swell 
BO  that  it  was  very  difficult  to  get  the  wires  out.    The  conduits  now 
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used  are  S-in.  Sheraduct  for  the  No.  00  lines  and  5  in.  for  the  large  lines. 
The  first  2,200-voIt  underground  lines,  put  down  one  of  the  shafts  at 
Republic,  were  lead-covered  cables,  three  cables  in  an  iron  pipe.  The 
alternating  current  seemed  to  build  up  a  static  charge  on  the  lead  cover- 
ing that  punctured  the  insulation  as  well  as  the  lead  and  caused  bad 
short  circuits.  While  wires  in  a  shaft  or  mine  are  underground  in  the 
miner's  use  of  that  term,  they  are  really  aerial  lines,  for  they  are  not 
imbedded  in  the  ground,  under  which  latter  conditions  lead-covered  wires 
are  properly  used. 

Conclusion 

Numerous  small  motors  are  used  for  driving  hoists  and  pumps  in 
winzes,  timber  hoists,  portable  saws,  concrete  mixers,  and  shop  tools. 
At  the  Penn  mines  no  steam  is  used  except  in  the  saw  mill,  for  heating, 
and  for  supplementing  the  power  from  the  Falls  when  there  is  a  deficiency. 
Electricity  has  been  entirely  satisfactory  from  an  operating  standpoint 
as  well  as  very  efficient.  The  same  men  who  formerly  operated  the  steam 
hoists  and  pumps  operate  the  electric  hoists  and  pumps.  The  adapta- 
bility and  reliability  of  electrical  machinery  is  generally  appreciated. 

Discussion 

K.  A.  Pauly,  Schenectady,  N.  Y. — ^I  feel  that  this  paper  is  especially 
valuable,  because  it  contains  so  completely  the  results  of  actual  experience 
by  two  men  who  have  been  connected  with  mining  ore  for  many  years. 

There  are  two  or  three  questions  which  I  would  like  to  ask.  First, 
under  the  subject  of  "pumping,"  I  notice  that  by  the  substitution  of 
electric  pumps  for  steam  pumps  the  cost  of  supplies  has  been  reduced 
from  a  little  over  $2,000  to  a  little  over  $500.  I  would  ask  whether  that 
reduction  is  due  to  the  substitution  of  electric  motors  for  the  engines,  or 
is  due  to  the  substitution  of  centrifugal  pumps  for  the  reciprocating 
pumps? 

F.  H.  Armstrong,  Vulcan,  Mich. — ^That  reduction  is  due  to  the  water 
end  of  the  pump.  The  high  cost  of  the  steam  supplies  is  largely  due  to 
the  replacement  of  the  brass  valves  and  brass  valve  seats  in  the  steam 
pump,  in  the  steam  end  or  motor  end. 

K.  A.  Pauly. — With  reference  to  the  water  rheostat,  which  differs 
materially  from  the  standard  rheostat  used  for  mining  hoist  work,  what 
resistance  ranges  are  obtainable,  and  what  is  the  minimum  slip  of 
the  motor  when  running  with  the  rheostat  in  the  minimum  resistance 
position? 

F.  H.  Armstrong. — You  can  get  any  resistance,  up  to  so  large  a  point 
that  the  motor  will  not  start,  by  simply  reducing  the  amount  of  the  area 
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of  the  plates  which  is  in  the  water,  and  the  slip  can  be  varied  from  20 
per  cent,  down  to  6  per  cent,  by  the  small  slip  plates  which  are  illustrated 
at  the  top  of  the  main  plate.  We  are  rmming  at  between  7  and  8  per 
cent.  slip. 

K.  A.  Pauly. — ^The  efficiency,  as  determined  from  the  power  consump- 
tion and  work  done  with  the  hoist,  seemed  to  vary  from  57  per  cent., 
over  all,  to  49  per  cent.  I  would  like  to  ask  how  much  of  this  43  per  cent, 
and  51  per  cent,  of  loss  is  due  to  shaft  loss  and  mechanical  parts,  and 
how  much  from  the  hoist  coupled  to  the  main  motor,  if  that  is  known. 

F.  H.  Armstrong. — ^That  is  not  known. 

Benjamin  F.  Tillson,  Franklin  Furnace,  N.  J. — Speaking  of  the 
signaling  system,  I  notice  it  is  spoken  of  as  a  grounded  system.  I  would 
ask  if  any  trouble  has  occurred  through  what  you  might  call  ''spook 
signals,"  from  inadvertent  grounding  in  other  parts  of  the  system,  or 
other  parts  of  the  power  plant.  In  our  alternating-current  system  at 
Franklin  Furnace,  we  have  occasionally  had  some  "spook  signals," 
although  our  system  is  not  supposed  to  be  a  grounded  system,  due  to  the 
grounding  of  a  line,  which  was  unnoted  until  such  signals  were  given. 
Our  voltage  will  run  somewhere  around  25  or  30  volts  through  the  bell 
magnets. 

F.  H.  Armstrong. — Our  voltage  is  about  the  same.  We  have  never 
noticed  anything  of  the  kind. 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. — I  would  ask  how  the  efficiency 
of  these  electric  hoists,  of  which  we  have  been  hearing,  compares  with  the 
efficiency  of  the  compressed-air  hoist  system  which  was  applied  at  Ana- 
conda. The  Anaconda  Co.  put  that  job  up  to  the  electric  companies  of 
the  country,  and  they  could  not  come  up  to  the  specifications.  Then 
Mr.  Nordberg  put  in  the  compressed-air  system,  which  gives  an  efficiency 
of  somewhere  upward  of  50  per  cent.,  and  is  giving  the  most  absolute 
satisfaction,  with  a  minimum  of  danger  and  a  maximum  of  convenience. 
If  we  could  get  hold  of  some  information  as  to  the  relative  efficiencies  of 
these  electrical  installations  and  the  compressed-air  system  put  in  by 
Mr.  Nordberg,  of  which  there  is  given  a  full  description  in  a  recent  issue 
of  the  BvUetin,  it  would  be  very  illuminating. 

William  Eellt,  Vulcan,  Mich. — That  information  can  be  had  in 
large  part  now  by  all  who  are  interested.  In  addition  to  the  paper  by 
B.  V.  Nordberg  in  the  Bulletin,  there  have  been  other  papers  on  the 
subject,  one  by  D.  B.  Rushmore  and  K.  A.  Pauly,  presented  at  a 
meeting  of  the  American  Institute  of  .Electrical  Engineers  on  Mar.  11, 
1910.  We  expect  the  papers  now  under  discussion  will  be  followed  by 
another  paper,  to  be  presented  a  little  later,  on  the  results  of  electric 
hoisting  at  a  Lake  Superior  mine,  and  when  all  these  papers  are  brought 
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together  and  compared,  the  comparative  costs  by  the  different  methods 
of  hoisting  can  be  arrived  at  quite  closely. 

E.  A.  Fault. — I  would  like  to  ask  the  gentleman  who  mentioned  the 
50  per  cent,  efficiency  for  the  air  hoist  where  he  obtained  that  figure. 
In  the  first  place,  I  do  not  believe  that,  theoretically,  such  a  figure  is 
possible.  In  the  second  place,  I  have  seen  the  results  of  the  tests  made 
at  Butte,  and  they  do  not  give  over  29.5  per  cent.;  and,  on  top  of  all  of 
that,  efficiency  in  an  air  system  means  nothing  anyway,  because  you  have 
to  pay  for  reheating  the  air.  You  have  a  much  higher  maintenance 
expense,  both  on  the  distributing  system  and  the  actual  operating  part 
of  the  equipment,  the  air  engine. 

Unquestionably  the  Butte  system  has  been  a  complete  success  from  an 
operating  standpoint  during  the  period  that  it  has  been  installed,  but  I 
think  that  all  of  those  who  are  connected  with  mining  operations  will 
admit  that  one  of  the  most  troublesome  pieces  of  machinery  about  a  mine 
is  the  air  end  of  the  air  compressor.  I  think  we  may  look  for  the  same 
trouble  on  the  engine  end  of  the  air  compressor,  after  it  has  been  installed 
some  few  years. 

J.  E.  Joqnson,  Jr. — ^The  figures  which  were  published  were  given  by 
Mr.  Nordberg.  They  include  the  power  coming  in  on  the  line  to  the 
transmission  line,  and  the  load  hoisted  on  the  shaft,  which  is  the  over-all 
efficiency,  if  there  is  any  such  thing,  and  these  figures  are  about  50  per 
cent. 

I  do  not  know  where  this  gentleman  gets  his  data  of  29  per  cent., 
but  I  do  know  that  papers  have  been  published,  concerning  the  electri- 
fication of  mines  and  central  hoisting  systems  using  electricity,  that  have 
described  travesties  on  good  engineering.  They  have  spent  twice  as 
much  money  in  the  installation  of  these  systems  as  a  compressed-air 
system  would  have  cost,  and  have  given  no  better  result  than  the  com- 
pressed-air system,  in  some  cases  not  as  good.  When  the  gentleman  says 
that  the  air  end  of  a  good  air  compressor  will  create  trouble,  as  compared 
with  the  electric  motor,  I  can  only  say  that  he  has  had  an  unusual  ex- 
perience. I  have  had  a  good  deal  of  experience  with  both,  and  will  back 
the  air  end  of  the  air  compressor  to  let  a  man  sleep  a  good  many  more 
nights  in  a  year  than  the  electric  motor  will. 
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Electric  Ttaction  in  Mines 

BT  CHABLB8  LBORAMD,  DOUQLAB,   ABII. 
(New  Toik  MMting.  Fabmary,  1914) 

In  many  iron,  coal  and  copper  mines  where  large  tonnages  are  known 
before  starting  operation  and  proper  provisions  can  be  made,  the  prob- 
lems of  electric  traction  by  troUey  locomotives  are  not  very  diflferent  from 
those  of  surface  plants.  In  such  installations  the  gauge  of  the  track,  the 
radius  of  curves,  and  the  clearances,  both  vertical  and  horizontal,  can 
be  made  to  suit  the  conditions  of  the  traffic.  It  is  more  difficult  to  install 
electric  traction  in  mines  which  were  started  with  hand  tramming  and 
where  no  consideration  was  given  to  the  possibility  of  mechanical  traction 
being  used.  The  writer  having  had  some  experience  in  the  installation 
of  electric  traction  in  copper  mines,  the  following  remarks  apply  more 
particularly  to  these  mines. 

With  the  gauge  of  track  usually  18  or  20  in.,  the  weight  limit  of 
locomotives  obtainable  from  manufacturers  in  this  country  varies  from 
3  to  6  tons.  The  full-load  speed  varies  from  4}  to  6  miles  per  hour. 
These  locomotives,  being  made  to  nm  on  very  small  radius  curves,  have 
a  short  wheel  base  and  a  long  overhang  from  axle  to  coupling,  which 
necessitates  a  coupling  with  a  good  deal  of  lateral  motion  to  avoid  de- 
railing the  cars  on  sharp  curves,  especially  if  couplings  are  of  the  standard 
railroad  automatic  type. 

Although  3-ton  locomotives  wiU  run  on  12-  or  16-lb.  rails,  it  has  been 
found  more  satisfactory  to  use  25-lb.  rails,  as  the  track  keeps  in  much 
better  shape,  it  is  easier  to  maintain  the  bonding  in  good  order,  and 
fewer  derailments  from  dirt  on  the  track  occur  with  the  larger  rails. 
Where  6-ton  locomotives  are  used  the  25-lb.  rails  are  satisfactory,  but 
40-lb.  rails  have  proved  cheaper  where  the  traffic  is  heavy  and  the  ground 
is  soft,  as  the  track  maintenance  is  considerably  lower  with  the  heavy 
rails.  The  locomotives  will  nm  on  15-ft.  radius  curves,  but  on  through 
rund  it  is  advisable  not  to  go  below  40-ft.  radius. 

The  voltage  used  should  not  exceed  250  to  275  volts,  and  the  trolley 
wire  should  be  protected,  to  prevent  accidental  contacts,  in  front  of 
chutes  and  at  all  points  where  it  is  low.  With  the  air  lacking  somewhat 
in  o^^gen  and  the  heat  and  high  humidity  prevalent  in  many  mines,  this 
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voltage,  which  is  considered  perfectly  safe,  has  proved  fatal  in  several 
instances  and  in  such  mines  it  is  advisable  to  have  a  pulmotor  available 
and  men  trained  to  use  it  in  case  of  accident. 

The  trolley  wire  should  be  protected  from  dripping  water  and  if  the 
water  is  acid  it  must  be  protected;  the  writer  has  seen  instances  where  a 
very  small  drip  has  cut  a  No.  00  trolley  wire  in  less  than  three  weeks. 

The  track  bonding  should  be  kept  in  good  shape.  This  is  one  of  the 
most  difficult  things  to  do,  as  most  of  the  trackmen  in  the  mines  do  not 
realize  the  importance  of  it.  A  badly  bonded  track  will  increase  the 
repairs  of  motors  considerably,  as  in  passing  from  a  dead  rail  to  a  live  one 
the  sudden  rush  of  current  is  liable  to  form  an  arc  across  the  motor 
commutator  or  from  the  commutator  to  the  ground. 

If  the  locomotive  is  not  mounted  on  springs  it  has  been  found  advisable 
to  put  the  resistance  grids  on  springs,  with  flexible  leads  to  the  controller, 
as  on  sma]l  locomotives  the  cast  metal  grids  are  light  and  very  easily 
broken. 

In  a  mine  laid  out  for  hand  tramming  the  grade  is  generally  made  in 
favor  of  the  loaded  cars  (this  is  also  done  to  provide  drainage  for  the  mine), 
so  that  the  load  is  fairly  uniform  going  down  with  the  loaded  cars  and 
coming  up  with  the  empty  cars.  This  gives  ideal  conditions  for  a  full 
load  on  locomotives  at  all  times;  but  the  motors  on  electric  locomotives 
are  seldom  made  so  that  the  locomotive  can  deliver  its  full  tractive  effort 
continuously  and  this  ideal  operating  condition  leads  to  overheating  of  the 
motors  and  very  heavy  repairs  unless  the  number  of  cars  attached  to  the 
locomotive  is  kept  down  to  the  maximum  that  the  motors  can  pull 
without  overheating.  This  is  difficult  in  practice,  as  it  seems  against 
human  nature  to  run  a  locomotive  of  any  kind  with  a  load  that  does  not 
slip  the  driving  wheels  when  starting  or  at  every  point  in  the  track  where 
conditions  are  a  little  unfavorable.  The  difficulty  of  getting  motors  of 
sufficient  size  in  the  small  space  available  with  20-in.  gauge  has  obliged  us 
in  one  or  two  instances  where  traffic  is  heavy  and  continuous  to  build 
our  own  locomotives,  putting  the  motors  above  the  wheels  and  gearing 
to  the  axles  outside  of  the  wheels.  This  makes  a  rather  cumbersome 
design  but  allows  the  use  of  larger  motors  and  has  proved  satisfactory  in 
service.  Even  with  this  design  the  necessary  clearance  in  the  drifts 
limits  the  weight  of  locomotives  to  about  7  tons. 

Where  the  tonnage  to  be  handled  is  not  great  and  yet  mechanical 
traction  is  advisable  a  storage-battery  locomotive  is  convenient.  The 
running  expenses  are  not  much  greater  than  with  a  trolley  system,  de- 
pending on  the  conditions  under  which  the  locomotive  has  to  operate. 

The  Copper  Queen  Mining  Co.  operated  a  3-ton  storage-battery 
locomotive  at  Bisbee  for  over  two  years,  under  the  worst  conditions  of 
any  locomotive  in  their  mines  as  regards  track  and  curvature,  and  the 
results  were  better  than  the  writer  anticipated.     To  make  use  of  one  of  the 
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regular  locomotives,  the  battery,  consisting  of  150  Edison  cells,  was 
mounted  on  a  separate  trailer.  This  battery  had  a  total  output  capacity 
of  40  kw-hr.,  the  average  voltage  on  discharge  being  180  volts.  The 
first  trays  furnished  to  hold  the  cells  were  of  the  regular  type  for  auto- 
mobiles and  proved  to  have  too  small  a  clearance  between  cells.  The 
hard  bumping  in  switching  combined  with  very  heavy  sweating  (due  to 
the  locomotive  going  from  very  hot  portions  of  the  mine  with  moisture- 
saturated  atmosphere  to  colder  portions  near  the  shaft)  short  circuited 
the  cells  externally.  After  the  tra3rs  were  altered  to  provide  larger  clear- 
ances and  the  cells  were  painted  with  insulating  paint  there  was  no 
trouble  from  this  source,  although  two  or  three  cells  were  lost  in  a  bad 
wreck. 

The  power  required  at  power  station  per  useful  ton-mile  was  approxi- 
mately double  that  required  with  trolley  locomotives,  or  1.6  kw-hr.,  due 
to  extra  dead  weight  of  battery  car  and  lower  efficiency  of  battery  com- 
pared to  trolley  wire  and  track  circuit,  also  to  the  losses  in  the  motor 
generator  used  in  charging  the  battery.  With  a  locomotive  designed  to 
carry  batteries  the  difference  in  power  would  be  Jess.  The  power  would 
also  have  been  reduced  if  a  motor  controller  had  been  used,  grouping  the 
cells  in  various  combinations  for  starting,  instead  of  a  regular  controller 
with  starting  resistances. 

The  traffic  got  too  heavy  to  be  handled  with  this  locomotive  and 
it  did  not  run  long  enough  to  get  figures  on  depreciation  of  storage  bat- 
tery. The  maintenance  of  the  battery-locomotive  motor  was  less  than 
on  the  trolley  locomotive,  but  no  exact  figures  are  available.  The 
capacity  of  the  battery  was  approximately  60  useful  ton-miles  on  one 
charge. 

At  the  mines  of  the  Copper  Queen  Mining  Co.,  in  Bisbee,  the  power 
used  on  trolley  locomotives,  measured  at  direct-current  switchboard  in 
power  station^  for  the  year  1912  amounted  to  875  watt-hours  per  useful 
ton-mile.  This  amount,  however,  includes  a  few  lights  which  are  con- 
nected to  the  trolley  circuit  and  gives  too  high  a  figure  for  the  locomo- 
tives alone.  It  applies  to  cars  with  roller  bearings,  about  one-half  of 
the  tonnage  being  carried  in  cars  of  2  tons  capacity  and  the  other  half  in 
cars  of  1  ton  capacity.  The  conditions  of  the  cars  and  track  have  quite 
an  important  bearing  on  power  required  per  ton-mile,  although  the  writer 
has  no  accurate  figures.  A  rough  idea  can  be  formed  from  the  fact  that 
on  a  certain  track  in  the  mine  of  the  Moctezuma  Copper  Co.  one  3-ton 
locomotive  cannot  pull  more  than  five  cars  of  20  cu.  ft.  capacity,  equipped 
with  regular  Anaconda  axles,  without  slipping  the  wheels,  while  the  same 
locomotive  pulls  six  cars  of  22  cu.  ft.  capacity  equipped  with  roller- 
bearing  axles. 

For  the  year  1912  the  cost  of  various  items  in  cents  per  useful  ton- 
mile  at  Bisbee  for  a  total  of  408,000  ton-miles  was  as  follows: 
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Cents 

Locomotive  maintenance 2.95 

Car  maintenance 1 .64 

Track  maintenance 5.24 

Trolley  maintenance 3.60 

Power 1.64 

Locomotive  maintenance  includes  all  electrical  and  mechanical  re- 
pairs and  replacements  on  locomotives,  as  well  as  lubricating  oil  and 
supplies. 

Car  maintenance  includes  all  repairs,  oil,  and  supplies  on  cars. 

Track  maintenance  includes  all  track  repairs  and  replacements,  bond- 
ing, grading,  and  realignment. 

Trolley  maintenance  includes  aU  trolley-wire  repairs  and  replacements, 
and  repairs  to  protective  trough  aroimd  trolley  wire. 

Track  and  trolley  maintenance  are  very  heavy,  due  to  shifting  ground. 

The  cost  of  power  (1.1  kw-hr.  per  ton-mile)  is  taken  at  the  high- 
tension  switchboard  and  includes  the  loss  in  transforming  the  alternating 
current  into  direct  current. 

In  comparing  power  used  by  storage-battery  locomotives  and  trolley 
locomotives  it  would  be  fairer  either  to  compare  the  actual  input  into 
battery  with  direct-current  power  used  by  trolley  locomotives  or  use 
the  alternating-current  power  input  to  rotary  converter  in  both  cases. 

In  the  case  of  the  storage  battery  the  input  was  approximately  1.28 
kw-hr.  per  ton-mile,  as  against  0.875  kw-hr.  for  the  trolley  locomotive. 

The  figures  for  power  on  storage  battery  are  based  on  two  days'  test 
and  therefore  are  not  as  reliable  as  those  on  trolley  locomotives,  which 
cover  a  year's  period. 
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Comparison  of  Mining  Conditions  To-day  with  Those  of  1872,  in  Their 

Relation  to  Federal  Mineral-Land  Laws 

BT  R.  W.  RATMOND,  NBW  YORK,  N.  T. 
(New  York  Maetinc,  FebniAiy.  1914) 

The  situation  in  1872,  from  the  standpoint  of  the  prospector^  the 
locator,  the  possessory  claimant,  and  the  patentee  of  mineral  land  under 
Federal  statutes^  cannot  be  understood  without  a  knowledge  of  the  situa- 
tion prior  to  1866,  and  between  1866  and  1872. 

The  Situation  before  1866 

The  western  public  domain  acquired  by  the  United  States  through 
treaties,  as  the  result  of  conquest  or  purchase,  was  invaded  after  Mar- 
shall's re-discovery  of  gold  in  California,  by  an  overwhelming  multitude 
of  prospectors  and  miners  from  all  parts  of  the  world.  The  mineral  lands 
of  the  whole  Pacific  slope  were  practically  unsurveyed.  Congress,  dis- 
gusted with  the  experiment  of  leasing  mineral  lands,  which  it  had  tried 
for  40  years,  and  abandoned  in  1847,  enacted  no  laws  for  the  manage- 
ment of  these  public  mineral  lands,  and  the  pioneers  made  their  own  laws 
governing  mining  titles.  •  These  local  regulations  applied  at  first  to  gulch- 
mining  in  the  auriferous  river-beds  only;  and  they  constituted  a  simple 
and  practical  system,  adapted  to  the  needs  and  means  of  primitive  com- 
munities— significantly  caUed  "  camps."  They  had  the  means  of  measur- 
ing distances,  but  not  angles;  they  knew  no  property  except  personal 
property  in  the  form  of  pickaxes,  pans,  supplies,  camp-equipage,  horses 
or  mules,  and  mining  rights.  The  earliest  codes  which  they  developed 
expressed  what  might  be  called  the  law  of  the  lariat.  With  the  lariat 
they  measured  the  distance  assigned  to  each  miner  along  the  gold-bear- 
ing gulch — a  double  portion  to  the  discoverer,  and  a  single  portion  to  his 
successors,  in  the  order  of  their  coming.  With  the  lariat,  they  hung, 
after  such  due  process  of  law  as  was  available,  the  rascal  who  stole  a 
horse,  or  a  bag  of  gold-dust,  or  a  mining  claim,  or  killed  another  man 
without  giving  him  fair  notice  and  a  chance  to  defend  himself.  In  these 
pioneer  codes,  adopted  in  mass-meetings  and  enforced  by  the  same 
authorily,  two  features  concern  us  most: 

1.  They  measured  mining  property  by  one  dimension  only.  So  many 
feet  of  the  gulch,  held  by  one  man,  meant  a  distance  into  either  bank, 
and  a  distance  in  depth,  extending  as  far  as  gold  might  be  found. 
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2.  Priority  of  right  (and  usually  double  extent  of  longitudinal  di- 
mension) was  given  to  the  discoverer^  and,  after  him,  to  locators,  in  the 
order  of  location. 

This  system  of  mining  titles  ignored  altogether  the  superior  rights 
of  the  United  States  as  owner  of  the  land.  As  I  have  elsewhere  shown,  ^ 
this  difficulty  was  solved  by  the  common  sense  of  the  courts,  which  ad- 
judicated controversies  between  trespassers  on  the  public  domain,  ac- 
cording to  their  relative  rights  under  local  regulations,  and  subject  to 
any  future  assertion  of  the  higher  rights  of  the  United  States. 

Meanwhile,  in  many  districts,  the  discovery  of  metal-bearing  veins 
had  inaugurated  the  new  industry  of  ''quartz-mining,"  and  the  pioneers 
simply  applied  to  these  deposits  the  rule  already  adopted  for  gold-bear- 
ing gulches:  namely,  they  treated  a  vein  as  if  it  were  a  gulch;  granted 
mining  claims  upon  it,  measured  by  a  single  dimension,  and  included  in 
each  claim  all  "dips,  spurs,  and  angles,"  i.e.,  all  valuable  mineral  branch- 
ing from  the  main  vein  between  the  two  ends  of  the  claim. 

The  SituaHon  between  1866  and  1872 

The  Act  of  1866  was  an  attempt  to  legalize  the  conditions  which  had 
thus  grown  up  in  the  absence  of  Federal  legislation.  It  declared  the 
public  mineral  lands  open  to  occupation  and  exploration,  thus  removing 
the  guilt  of  trespass  from  prospectors  and  miners,  and  permitting  for  an 
indefinite  period  the  exploitation  of  such  lands,  under  the  local  regula- 
tions of  the  mining  camps  or  of  the  States  or  Territories  in  which  they 
were  situated.  This  confirmed  the  prior  right  of  the  discoverer,  which 
was  the  basis  of  all  such  local  regulations.  Moreover,  the  Act  adopted 
the  "law  of  the  lariat,"  that  is,  the  measurement  of  mining  claims  by  one 
longitudinal  dimension,  and  the  possessory  title  of  the  locator  to  "dips, 
spurs,  and  angles."  Finally,  it  provided  for  the  purchase  of  permanent 
rights  by  patent  from  the  United  States,  including  certain  rights  within 
a  given  area  of  surface,  required  for  mining  operations  on  the  vein 
located.    This  area  was  to  be  defined  before  the  grant  of  the  patent. 

But  unfortunately  the  Act  of  1866  did  not  grant  to  locator  or  patentee 
any  exclusive  possession  of  the  surface  thus  located,  but  only  an  "ease- 
ment," or  prior  right  of  use.  I  believe  that  this  feature  of  the  Act,  like 
the  rest  of  it,  was  simply  intended  to  legalize  existing  mining  conditions,  es- 
pecially at  Virginia  City,  Nev.,  which  was  in  1866  the  most  productive 
locality  of  "quartz-mining"  in  the  West.  The  towns  of  Virginia-  City 
and  Gold  Hill  were  situated  on  and  along  the  outcrop  of  what  came  to 
be  known  afterward  as  the  great  Comstock  lode,  though  separate  mines 
were  then  operated  upon  what  were  asserted  to  be  separate  lodes.     The 


^  Our  National  Resources  and  Our  Federal  Government,  Trans,,  xliy,  617  et  seq. 
(1912), 
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valuable  buildings  and  building-lots  of  these  towns  would  have  been  in- 
cluded in  any  grant  of  the  surface  to  the  mine-owners;  and  the  Act  was 
so  drawn  as  to  give  the  mine-owners  only  a  sort  of  right  of  eminent 
domain,  by  virtue  of  which  they  could  occupy  such  ground  as  they  needed 
for  mining  purposes.  Whoever  saw  the  Comstock  mines  of  that  period, 
must  remember  the  amazing  complex  of  dumps,  ore-bins,  roads,  shaft- 
houses,  derricks  and  whims,  interspersed  with  hoteb,  saloons,  offices, 
stores  and  residences,  exhibited  at  Virginia  City. 

But  in  the  other  mining  districts  which  were  soon  discovered  and 
developed,  with  a  sanguine  enthusiasm  kindled  by  the  wonderful  bonan- 
zas of  the  Conistock,  the  mere  "easement"  granted  to  the  surface  of  a 
mining  location  was  soon  found  to  be  an  unsatisfactory  protection  to  the 
locator.  One  of  the  most  important  of  these  districts — and  the  one 
which,  I  think,  had  most  influence  in  bringing  about  the  act  of  1872— was 
that  of  Reese  River,  in  Nevada,  which  was  characterized  by  numerous 
sharply  defined,  narrow,  frequently  faulted  fissure-veins,  carrying  very 
rich  silver-ores,  such  as  horn-silver,  ruby-silver,  etc.  The  locator  upon 
such  a  vein  had  hard  work,  at  best,  to  prove  its  identity  in  depth,  beyond 
a  fault  which  had  cut  it  off,  and  thrown  it  to  one  side  or  the  other.  And 
he  could  not  prevent  other  adventurers  from  starting  shafts  or  tunnels 
in  his  neighborhood,  and  claiming  as  their  own  any  bunch  of  rich  ore  that 
they  might  find.  His  only  way  to  establish  ownership  was  to  push  bis 
own  work  underground  until  he  reached  the  workings  of  such  alleged 
discoverers,  and  then  prove  a  practical  continuity  of  ore  from  his  prior 
location  on  the  vein.  Until  that  was  proved,  the  hostile  adventurers 
were  not  trespassers;  they  were  simply  exploring  the  public  domain. 
And  after  it  was  proved,  perhaps  at  great  expense,  he  could  rarely  recover 
damages  for  the  ore  "innocently"  taken  by  them.  A  writ  of  ejectment, 
expelling  them  from  the  stopes  they  had,  perhaps,  exhausted  during 
the  litigation,  might  be  the  only  fruit  of  his  victory. 

This  situation,  promoting  the  practice  of  deliberate  robbery  in  the 
immediate  vicinity  of  every  rich  ore-body,  was,  of  course,  intolerable; 
and  it  is  not  surprising  that  the  Federal  court  in  Lander  county,  Nev., 
rendered  a  decision,  so  construing  the  Act  of  1866  as  to  make  it  authorize 
a  lode-locator  to  exclude  prospectors  from  the  siuface  of  his  location. 
John  H.  Boalt,  the  judge  who  made  that  decision,  was  a  mining  engineer 
as  well  as  a  lawyer,  and  afterward  became  one  of  the  leaders  of  the  San 
Francisco  bar.  His  opinion  was  acute  and  forcible.  Undoubtedly  the 
Act  ought  to  have  meant  what  he  construed  it  to  mean.  But  his  view 
was  overruled  by  higher  authority,  though  his  arguments  doubtless  had 
their  weight  in  bringing  about  the  change  inaugurated  by  the  Act  of  1872. 

It  is  noteworthy  that  the  Act  of  1866  did  not  provide  for  placer-mining 
rights,  or  patents  to  placer-daims,  although  this  was  the  earliest  mining 
industry  upon  the  public  domain.    The  reason  was  that  no  special 
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difficulty  had  arisen  as  to  such  mining  titles.  The  general  permission 
to  explore  and  occupy  the  public  mineral  lands,  subject  to  local  regula- 
tions, was  enough,  at  that  time,  to  satisfy  that  class  .of  miners.  But  in 
1870  an  Act  was  passed  amending  and  supplementing  that  of  1866,  by 
providing  that  claims  usually  called  placers,  "including  all  forms  of 
deposit  except  veins  of  quartz  or  other  rock  in  place,'' should  be  subject 
to  entry  and  patent.  This  had  two  important  results:  (1)  It  made 
placer-claims  patentable,  as  they  had  not  previously  been;  and  (2)  it 
included  with  placer-claims  all  deposits  not  "lodes,''  and  included  (as 
construed  subsequently  by  the  courts)  other  minerals  than  "gold, 
cinnabar,  silver,  or  copper"  specified  in  the  original  Act.  There  is 
reason  to  believe  that  both  of  these  features,  though  desirable  in  them- 
selves, were  secured  in  furtherance  of  private  enterprises — especially 
that  of  the  so-called  "diamond  swindlej"  which  was  exposed  in  1872. 
At  least,  I  remember  that  the  Act  of  1870  formed  part  of  the  basis  upon 
which  this  scheme  was  presented  to  New  York  capitalists. 

The  Act  of  1872  was  intended  chiefly  to  remedy  the  above-mentioned 
defect  in  that  of  1866,  by  granting  ownership  of  the  surface  to  a  lode- 
locator.  Its  authors  thought  they  were  grafting  a  new  feature  upon 
the  result  of  long  years  of  growth;  but  they  were,  in  fact,  planting  a  new 
root  altogether.  The  Act  of  1872  was  revolutionary.  It  made  the 
mining  right  an  appurtenance  to  the  surface  location,  instead  of  grant- 
ing an  easement  in  the  surface  as  an  appiurtenance  of  the  mining  right; 
for  the  reward  of  the  discoverer  it  substituted  the  luck  of  the  apex- 
possessor;  and  the  title  conveyed  under  it  was  subject  to  doubt  and 
possible  defeat  as  the  consequence  of  new  geological  discoveries  so  long 
as  the  mining  ground  which  it  was  supposed  to  cover  might  continue  to  be 
worked. 

The  extra-lateral  right,  supposed  to  be  simply  continued  by  the  Act 
as  a  legacy  from  "the  law  of  the  lariat,"  suffered  a  considerable  change 
through  its  dependence  upon  a  new  condition — the  apex — which  might 
or  might  not  be  correctly  determinable  at  the  time  of  location.  This 
sudden  introduction  of  a  totally  new  basis  of  title  led  me  to  call  the  Act 
of  1872  ''the  law  of  the  apex,"'  a  name  which  was  universally  adopted, 
together  with  that  of  "  extra-lateral  right,"  which  I  gave  to  the  ownership 
of  certain  underground  portions  of  a  vein  not  vertically  beneath  its  surface 
location.  (The  term  "extra-lateral"  could  not  have  been  applied  under 
the  Act  of  1866,  which  attached  no  significance  to  the  shape  or  position 
of  the  location  as  defining  the  mining  right  to  which  it  was  a  mere 
appurtenance.)  Without  going  into  further  detail  as  to  the  features  of 
either  Act,  it  may  be  said  that  both  of  them  were  dictated  by  the  desire 
to  respect  as  far  as  practicable  the  customs  and  self-made  rules  of  miners 

<  The  Law  of  the  Apex,  Trans.,  xii,  3S7  (1883). 
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upon  the  public  domain;  and  that  such  changes  as  were  made  were  in- 
tended to  meet  existing  conditions  and  satisfy  the  demands  of  influential 
constituencies  and  industries.  It  is  impossible  to  explain  by  reference 
to  the  provisions  of  pre-existing  European  or  Spanish- American  codes  the 
peculiar  features  of  these  statutes.  They  grew  up  out  of  local  conditions, 
and  were  formulated  by  men  ignorant  of  precedents  and  principles. 
Moreover,  even  those  men  were  necessarily  "opportunists,"  taking  more 
or  less  blindly  one  step  at  a  time.  They  never  had  a  chance  to  frame  a 
mineral-land  law  de  novo.  From  the  beginning,  they  were  trying  to 
satisfy  the  mining  communities,  and  recognize  as  far  as  practicable 
existing  local  customs,  remembering  always  that  any  attempt  at  sudden 
and  essential  change  of  such  customs  would  be  ridiculously  futile,  be- 
cause incapable  of  effective  enforcement.  And  of  the  revolutionary 
change  which  was  thus  made  in  several  respects  by  the  Act  of  1872, 
both  the  authors  of  that  measure  and  the  communities  affected  by  it 
were  sublimely  unconscious. 

The  foregoing  demonstration  of  the  "opportunist"  character  of 
Federal  land  legislation  warrants  the  inquiry  whether  the  conditions  of 
1872  have  since  been  so  changed  as  to  justify  new  legislation  in  1914. 

The  Situaiion  in  1872 

As  I  have  said,  the  potential  mischief  continued  in  the  Act  of  1872 
was  neither  foreseen  nor  immediately  realized.  The  statute  was  wel- 
comed in  the  region  to  which  it  applied  as  a  much-needed  protection  to 
bona  fide  prospectors  and  their  grantees,  the  investors  of  capital.  No 
one  expected  it  to  produce  a  harvest  of  blackmail  and  litigation.  Its 
immediate  effect  was  to  encourage  the  adventurous  and  speculative 
exploration  of  one  new  district  after  another;  and,  as  the  pioneer  industry 
of  mining  blazed  the  way  for  the  advance  of  all  other  civilized  activities 
(though  too  often  at  ruinous  cost  to  itself),  the  result  was  the  conquest  of 
a  vast  wilderness,  and  the  creation  of  a  new  empire. 

The  situation  in  1872  was  this: 

1.  Indian  wars  had  been  practically  removed  as  a  serious  element  of 
danger,  preventing  the  exploration  of  the  public  domain.  Their  doom 
was  pronounced  when  the  completion  of  the  first  transcontinental  railway 
permitted  the  rapid  movement  of  troops  and  supplies,  so  that  hostile 
tribes  could  be  pursued  in  winter  campaigns. 

2.  Successive  discoveries  of  rich  placers  or  "quartz-mines"  were 
causing  excited  stampedes  of  mining  prospectors. 

3.  The  price  received  for  silver  was  such  as  to  encourage  silver- 
mining;  and  the  silver-bearing  deposits  of  such  districts  as  the  Cotton- 
wood Cafions  in  Utah,  White  Pine  and  Eureka  in  Nevada,  Owyhee  in 
Idaho,  etc.,  were  being  developed  with  wild  enthusiasm.  As  we  all  know, 
certain  classes  of  silver-bearing  deposits  offer  outcrops  of  very  rich  min- 
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erals,  admirably  adapted  to  stimulate  speculation.  And  the  outcrops 
of  silver-lead  ores  (already  utilized  in  Utah,  and  soon  to  assume  at 
Eureka,  Nev.,  and  at  Leadville,  Colo.,  immense  economic  importance) 
furnished,  in  their  combination  of  lead,  silver,  and  iron  oxide,  a  material 
''smelting  like  butter"  in  the  primitive  furnaces  of  the  period. 

I  am  not  here  concerned  with  the  exact  dates  of  successive  discoveries 
and  developments  in  different  r^ions,  or  successive  advances  in  the 
mining  and  metallurgical  industry  of  the  West.  My  own  public  reports 
as  U.  S.  Commissioner  of  Mining,  etc.,  from  1868  to  1876,  and  many 
other  authorities,  may  be  consulted  as  to  these  details.  What  I  wish  to 
emphasize  here  is  the  character  of  the  period  just  before  and  just  after 
1872,  as  one  of  new  discoveries,  new  districts,  new  "processes,"  the  ex- 
ploitation of  "bonanzas,"  and  the  enormous  development  of  speculative 
investments  in  mining  enterprises  on  the  Pacific  slope.  It  cannot  be 
denied  that  the  Act  of  1872,  with  all  its  defects,  stimulated  this  amazing 
continental  development.  Carlyle  describes  the  tactics  of  the  armies  of 
the  French  Revolution  as  a  process  of  "swarming" — a  word  which  in- 
cludes, in  the  German  language  from  which  he  took  it,  the  element  of  en- 
thusiasm. The  wilderness  of  our  West  was  similarly  overrun  by  the  irre- 
sistible ''swarming"  advance  of  our  mining  pioneers,  under  the  stimulus 
furnished,  and  in  spite  of  the  hindrances  imposed  (as  we  can  now  clearly 
recognize),  by  the  Act* of  1872. 

The  Present  SitiLation 

The  conditions  of  to-day  are  the  cumulative  result  of  causes  operat- 
ing since  1872,  among  which  the  following  may  be  named  as  the  most 
important: 

1.  The  demonetization  of  silver  and  its  consequent  fall  in  price.  This 
naturally  discouraged  speculation  in  silver-mining,  while  it  promoted 
economy  in  mining,  handling,  and  reducing  silver-bearing  as  well  as  other 
ores. 

2.  With  the  gradual  exhaustion  of  rich  bonanzas,  the  exploitation  of 
large  bodies  of  complex,  low-grade  ores  had  many  important  results. 

a.  It  was  both  cause  and  effect  of  the  improvements  in  the  methods 
and  machinery  of  mining,  transportation,  and  metallurgy,  mentioned 
above. 

6.  It  employed  larger  nimibers  of  men  for  longer  periods,  thereby  creat- 
ing greater  and  more  permanent  communities,  and  more  numerous  and 
varied  industries,  trades,  and  institutions.  The  general  working  of  low- 
grade  ores  laid  the  safe  foundation  of  civilization  and  progress  in  the  new 
empire. 

c.  It  brought  into  profitable  use  the  baser  metals,  which  are  more 
essential  to  human  industry  than  the  so-called  precious  ones.  Yet  this 
development  of  enterprises  in  which  gold  and  silver  were  technically 
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by-products  really  increased  the  production  of  those  metals.  It  is  both 
instructive  and  amusing  to  read  the  utterances  of  the  prophets  of  the 
last  quarter  of  the  19th  century,  concerning  the  future  of  gold  and  silver. 
Our  wise  predictions  were  nullified,  not  so  much  by  the  discoveries  of  new 
producing  districts,  as  by  the  new  experimental  illustration  of  the  old, 
old  general  truths,  that  the  existence  of  a  bonanza  of  very  rich  ore  may, 
and  generally  does,  indicate  the  presence  of  a  much  larger  amoimt  of 
low-grade  stuff,  which,  being  temporarily  too  poor  to  "pay,"  is  either  not 
mined  at  all,  or  rejected  after  mining;  that  the  "barren  ground"  and  the 
waste-dumps  of  one  period  may.  be  the  mines  of  the  next;  and  that  he 
who,  by  utilizing  n^lected  constituents,  or  reducing  costs  of  mining, 
etc.,  enlarges  the  class  of  "workable"  ores  in  an  old  district,  may  have 
performed  a  service  equivalent  to  the  discovery  of  many  new  ones. 

d.  This  wonderful  advance  in  the  exploitation  of  low-grade  ores  in- 
evitably diminished  to  some  extent  the  importance  of  the  old-fashioned 
"prospector,"  whose  business  was  to  find  outcrops,  make  small  surface- 
developments,  and  sell  out  to  promoters,  on  the  basis  of  sample-assays. 
Investors  no  longer  cared  so  much  for  "rich"  assays;  they  wanted  large 
masses  of  low  grade,  and  a  secure  title,  neither  of  which  the  ordinary 
prospector  could  guarantee.  He  became,  consequently,  more  and  more 
a  mere  scout,  whose  first  discovery  was  only  a  call  for  further  investigation 
by  geologists,  lawyers,  practical  engineers,  etc.,  before  even  the  promoter, 
to  say  nothing  of  the  actual  investor,  would  take  up  in  earnest  the  pro- 
posed adventiire.  Moreover,  the  great  mining  concerns  employed  their 
own  scouts,  and  the  old-fashioned  prospector,  operating  on  his  own 
accoimt,  was  almost  left  out  of  the  new  system.  He  has  now  well-nigh 
passed  away,  as  have  passed  many  other  free-lances  of  the  vanguard  of 
progress.    We  may  sympathize  with  him,  but  he  had  to  go! 

3.  Legal  conditions  likewise  have  been  profoundly  affected  by  in- 
dustrial progress.  The  ore-deposits  of  greatest  importance  were  very 
different  from  the  comparatively  narrow  and  well-defined  gold-veins  of 
California  and  silver-veins  of  Nevada,  which  the  law-makers  had  had 
chiefly  in  view;  and  the  provisions  of  the  law  were  applied  with  difficulty 
to    the    great  ore-bodies  in  the   "blanket-lodes,"    "chambers,"    and 

r 

"mineral-bearing  zones"  of  Utah,  Colorado,  and  Arizona.  Vast  sums 
were  squandered  in  litigation  before  even  the  meaning  of  the  terms  in  the 
statute  defining  the  extralateral  right  could  be  fixed  by  the  U.  S.  Supreme 
Court.' 


'  Prof.  John  B.  Qayberg,  in  an  able  paper  on  this  subject,  publiflhed  in  the  Cali- 
fomia  Law  Retriew,  May,  1913,  and  reprinted  in  the  Engineering  and  Mining  Journal 
of  Sept.  20,  1913,  expresses  the  opinion  that  the  law  of  extralateral  right  is  now  prac- 
tically aettied,  but  adds  that  "many  complications,  now  unthought  of,  may  present 
themaelTes"  in  the  application  of  the  principles  established  in  41  years  of  piece-meal 
interpfretation. 

VOL.  XLvni.— 20 
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Meanwhile,  the  owners  of  large  mining  properties  have  learned  to  pro- 
tect themselves  by  executing  mutual  quit-claim  deeds  or  side-line  agree- 
ments with  neighbors,  or  by  purchasing  outright  such  adjoining  terri- 
tory as  threatens  future  conflict  of  title.  In  fine,  the  volume  and  cost  of 
mining  litigation  has  been  greatly  reduced,  though  the  expense  and  diffi- 
culty of  perfecting  title  by  patent  is  still  too  great,  and  the  nature  of 
such  title  too  indefinite.  This  improvement  in  the  situation,  being  largely 
due  to  the  practical  abolition  of  the  extra-lateral  right  by  agreements 
between  neighbors,  is  an  argument  rather  for  the  repeal  than  for  the  con- 
tinuance of  that  feature  of  the  land-lai¥s. 

Indeed,  all  the  changes  in  the  situation  above  enumerated  seem  to  me 
to  call  for  such  a  repeal,  even  at  this  late  day.  But  there  is  a  new  fac- 
tor which  may  greatly  hinder  that  simple  and  obvious  reform.  I  refer 
to  the  movement  for  an  entirely  different  treatment  of  what  are  called 
national  resources.  It  seems  likely  that  any  attempt  to  amend  the  law 
of  the  apex  will  be  seized  as  an  occasion  for  proposing  to  abolish  alto- 
gether the  system  under  which,  for  half  a  century,  the  public  mineral  as 
well  as  agricultural  lands  have  been  sold  to  citizens.  President  Taft, 
it  is  true,  in  a  public  address  advocating  the  operation  of  coal-mines  and 
water-powers  under  Federal  leases,  disclaimed  the  intention  of  altering 
in  this  respect  the  laws  concerning  other  mining  titles,  which  he  said  were 
working  well  enough  already  I  But  President  Taft's  limited  outlook  and 
moderate  suggestions  will  not  satisfy  the  partisans  of  the  new  "national- 
ism." In  my  recent  paper,  cited  above,  I  have  discussed  this  question, 
and  must  reserve  further  statements  concerning  it,  including  replies  to 
criticisms  of  that  paper,  for  another  place.  I  mention  it  here  simply  to 
express  my  apprehension  that  the  movement  for  a  practicable  reform  may 
fail  again,  as  it  has  failed  at  least  twice  already,  through  the  attempt  to 
accomplish  too  much.  The  proposal  to  change  many  provisions  of  the 
present  law  (to  say  nothing  of  a  total  change  of  its  purpose — namely, 
that  of  transferring  the  public  lands  to  citizens,  and  the  subsequent  con- 
trol of  them  to  the  Territories  or  States  in  which  they  are  situated)  will 
have,  in  my  judgment,  as  it  has  had  already,  this  result:  that  the  oppo- 
nents of  any  one  of  the  proposed  changes  will  unite'to  oppose  them  all, 
and  the  friends  of  any  one  such  proposed  change  will  be  divided  as  to 
some  of  the  others,  so  that  it  will  prove  impossible  to  make  a  clear  and 
simple  issue,  upon  which  the  needed  majority  could  unite.  This  consti- 
tutes an  important  factor  in  the  consideration  of  the  subject  assigned  to 
me  by  the  Chairman  of  the  Institute  Committee  on  Mining  Law,  at  whose 
request  I  have  written  this  paper. 
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Should  the  Apex  Iaw  be  Now  Repealed? 

BT  CHABLE8    H.  BHAMSL,  8PBINQFIBLD,  ILL. 
(New  York  Meeting.  Fsbruaiy.  1914) 

I  FEAB  most  of  the  Institute  members  are  ah'eady  weary  of  the 
perennial  controversy  about  the  apex  law.  I  feel  that  way  about  it 
myself  now,  though  I  have  been  guilty  of  considerable  contribution  to 
the  discussion  in  the  past.  The  discussion  does  not  seem  to  percep- 
tibly influence  previously  held  views  and  I  would  not  again  break  into 
print  on  the  subject  but  for  the  urgent  invitation  of  the  Chairman  of 
our  Law  Committee.  This  energetic  and  able  member  has  firmly  de- 
termined to  secure  a  revision  of  the  mining  law  and  among  other  things 
to  eliminate  the  so-called  apex  provision  from  the  U.  S.  mining  statutes. 
He  is,  however,  fair  about  it  and  has  invited  me  to  make  'Hhe  strongest 
possible  argument  in  its  favor."  I  am  suspicious  that  he  is  acting  on  the 
psychological  principle  that  it  is  usually  easier  to  convince  an  audience 
against  a  cause  vigorously  but  unsuccessfully  defended  than  against  one 
wholly  mute.  Nevertheless,  I  realize  that  personally  he  wishes  me  no 
harm,  much  as  he  hates  the  apex  law,  and  so  am  willing  that  the  Insti- 
tute have  whatever  benefit  may  accrue  from  my  taking  up  again  the  un- 
popular side  of  the  discussion.  I  say  this  because  the  attitude  of  a  large 
part  of  our  "articulate"  membership  seems  irreconcilably  hostile;  their 
minds  are  made  up;  favorable  consideration  is  foreclosed;  and  they  be- 
come impatient  and  even  sarcastic  at  any  attempt  to  elucidate  a  favorable 
view  of  the  apex  law. 

The  exact  question  for  discussion  at  the  present  time  is  not  whether 
on  abstract,  or  any  other  considerations,  the  apex  law  is  the  best  possible 
rule,  but  the  very  different  proposition  whether,  after  nearly  50  years  of 
statutory  life  and  much  longer  as  a  practically  universal  miners'  custom, 
it  is  now  just  and  expedient  to  repeal  the  apex  law. 

At  this  point  it  seems  to  me  that  we  may  profitably  devote  a  paragraph 
or  two  to  the  subject  of  the  origin  of  law  in  general,  as  we  are  presumed 
to  be  considering  the  subject  from  the  high  viewpoint  of  the  general 
welfare  of  the  nation.  The  most  comprehensive  and  accurate  definition 
of  law  in  the  legal  sense  is,  that  it  is  the  body  of  rules  for  the  regvlation  of 
human  conduct  which  is  enforced  by  the  State,  that  is,  by  the  nation.^    Legal 

^  Carter:.  Lav)^  Its  Origin,  etc.,  p.  14. 
Dillon:  Laws  and  Jurisprudence  of  England  and  AmerieOf  p.  6. 
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writers  have  proposed  several  theories  of  the  origin  of  law,  such 
as  the  "Divine  Lawgiver"  theory;  the  "Law  of  Nature"  theory;  the 
"Contract"  theory  (of  Rousseau),  etc.;  but  most  present  writers  on 
the  subject  maintain  that  custom  is  the  primary  source  of  almost  all  law. 
Thus  Mr.  Carter,  long  one  of  the  leaders  of  the  New  York  bar,  says: 

"The  prime  requisite  of  human  society,  that  without  which  it  camiot  subsist,  is 
that  each  member  should  know  what  to  expect  in  the  conduct  of  others,  and  that  fair 
expectations  should  not  be  disappointed.  When  he  knows  this,  and  only  when  he 
knows  it,  he  knows  how  to  act  himself.  This  requirement  is  supplied  by  conformity 
to  custom.  .  .  .  Custom,  therefore,  is  the  only  law  we  discoyer  at  the  beginning 
of  society,  or  of  society  when  it  is  first  exposed  to  our  observation." 

James  Bryce,  perhaps  the  ablest  writer  on  English  and  American 
constitutional  law,  says: 

"There  is,  to  be  siue,  a  school  of  juridical  writers  which  does  not  admit  that  the  people 
do  or  can  thus  make  Law,  insisting  that  custom  is  not  Law  till  the  State  has  in  some 
way  expressly  recognized  it  as  such.  But  this  view  springs  from  a  theory  so  incom- 
patible with  the  facts  in  their  natural  sense,  that  a  false  and  unreal  color  must  be  put 
upon  these  facts  in  order  to  make  them  fall  in  with  it.  ...  the  ancient  doctrine, 
both  of  the  Romans  and  of  our  own  forefathers — a  doctrine  never,  till  recently  dis- 
puted— held  the  contrary."* 

Such  being  the  origin  of  law  in  general,  we  are  justified  in  assuming 
that  any  law  which  grew  out  of  a  custom — whose  legislative  or  judicial 
formulation  was  only  the  crystallization  of  previously  existent  general 
usage — is  the  nearest  possible  expression  of  the  will  of  the  people  on  that 
subject.  It  is  of  legitimate  bu-th,  And  is  not  to  be  lightly  dispossessed 
of  power  without  conclusive  evidence  that  the  conditions  and  circum- 
stances causing  its  generation  and  fostering  its  growth  to  the  maturity 
of  statutory  enactment  have  materially  altered  or  entirely  disappeared. 
No  law  can  be  satisfactory  in  operation — no  law  will  stand  long  which 
is  opposed  to  the  will  of  the  people,  and  in  this  connection  the  will  of  the 
people  of  the  mining  States  is  the  will  of  the  whole  people.  Let  us 
apply  these  criteria  to  our  mining  law,  and  to  the  apex  provision 
thereof,  in  particular. 

Beyond  all  question,  the  whole  of  the  U.  S.  mining  law,  including 
the  apex  provision,  was  founded  on  customs  which  had  prevailed  uni- 
versally for  many  years  in  the  precious-metal  mining  r^ions  of  the 
United  States — ever  since  this  industry  began  at  the  discovery  of  gold 
in  California.  The  testimony  on  this  point  is  conclusive.  Justice 
Field,  one  of  the  ablest  members  of  the  U.  S.  Supreme  Court,  who  had 
lived  in  California  during  its  early  days,  says: 

"Into  these  mountains  the  emigrants  in  vast  numbers  penetrated,  occupying  the 
ravines,  gulches  and  canyons,  and  probing  the  earth  in  all  directions  for  the  precious 
metals.  ...     In  every  district  which  they  occupied  they  framed  certain  rules  for 


*  Bryce:    Studies  in  History  and  Jurisprudence,  p.  671, 
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their  government  by  whioh  the  extent  of  the  ground  they  oould  severally  hold  for 
mining  was  designated,  their  possessory  right  to  such  ground  secured  and  enforced, 
and  contests  between  them  either  avoided  or  determined."' 

Senator  Stewart,  who  had  himself  taken  no  insignificant  part  in  the 
great  gold  rush  of  '49,  says: 

"Upon  the  discovery  of  gold  in  1848  a  kirge  emigration  of  young  men  immediately 
rushed  to  that  modem  Ophir.  These  people,  numbering  in  a  few  months  hundreds 
of  thousands,  on  arriving  at  their  future  home  found  no  laws  governing  the  possession 
and  occupation  of  mines  but  the  common  law  of  right  which  Americans  alone  are 
educated  to  administer.  They  were  forced  by  the  very  necessity  of  the  case  to  make 
laws  for  themselves.  The  reason  and  justice  of  the  laws  they  formed  challenge  the 
admiration  of  all  who  investigate  them.  Each  mining  district  in  an  area  extending 
over  an  area  of  not  less  than  fifty  thousand  square  miles,  formed  its  own  rules  and 
adopted  its  own  customs.  The  similarity  of  these  rules  and  customs  was  so  great 
as  to  attain  all  the  beneficial  results  of  well-Kiigested  general  laws."^ 

Also  Yale,  the  earliest  American  writer  on  mining  law,  says  of  the 
origin  of  the  law  and  its  benefits: 

"They  reflect  the  matured  wisdom  of  the  practical  miners  of  past  ages,  and  have 
their  foundations,  as  has  been  stated,  in  certain  natural  laws,  easily  applied  to  different 
situations,  and  were  propagated  in  the  California  mines  by  those  who  had  a  practical 
and  traditional  knowledge  of  them  in  their  varied  form  in  the  countries  of  their  origin, 
and  were  adopted,  and  no  doubt  gradually  improved  and  judiciously  modified  by  the 
Americans."* 

In  the  light  of  such  evidence  the  contrary  statements  made  by  some 
opponents  of  the  apex  law  are  unworthy  of  consideration,  such  as: 

"Begotten  in  bland  self-complacence  by  a  group  of  opulent  mechanics,"  and 
"What  ineffable  wisdom  is  displayed  by  a  government  which  permits  the  per- 
petuation upon  its  statute  books  of  a  law  resulting  from  the  nebulous  perplexities  of  a 
ooimcil  of  day-laborers  and  village  chiefs  regarding  the  occurrence  of  ore  deposits! 
.  .  .  Are  we  in  America — I  ask  it  in  all  seriousness — to  remain  forever  the  victims 
of  the  deification  of  the  peasant  and  the  mechanic,  the  hewer  of  wood  and  the  drawer 
of  water?  Are  we  to  continue  to  accept  as  truth  and  rules  of  conduct  the  ephemeral 
ravings  of  an  enriched,  illiterate  proletariat?  What  is  the  law  of  extralateral  rights 
but  the  misbegotten  conception  of  untutored  laborers  assisted  by  provincial  petti- 
foggers, who  set  at  defiance,  and  banish  from  consideration,  alike  the  physical  and  chem- 
ical principles  controlling  the  deposition  of  ores,  and  the  precedent  of  centuries  of  the 
world's  previous  mining  experiences?"* 

The  apex  law,  then,  having  originated  in  well-settled,  universal  cus- 
tom of  the  mining  r^ons;  having  been  approved  at  its  embodiment  in 
statute  law  by  the  sense  of  right  and  justice  of  the  ablest  men  in  Congress 
and  among  the  miners;  having  been,  after  six  years  of  trial,  re-enacted 
in  a  strengthened  form  without  protest,  was  unquestionably  as  perfectly 

>  Jennison  vs.  Kirk,  98  U.  S.,  453. 

^  Congressional  (Hobe,  1st  Session,  39th  Congress,  p.  3225. 

*  Quoted  in  lindley  on  Mines,  2d  ed.,  sec.  42. 

*  Chester  W.  Purington:  Engineering  and  Mining  Journal,  vol.  Ixxix,  No.  13,  p. 
622  (Mar.  30,  1906). 
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adapted  to  then  existing  conditions  as  any  human  law  could  be.  But 
there  has  arisen  in  later  years  among  the  speech-making,  periodical-con- 
tributing mining  men  considerable  outcry  against  the  apex  law.  The 
first  question,  then,  is  whether  mining  and  geological  conditions  have 
altered  to  such  an  extent  that  the  originally  wholly  satisfactory  apex 
law  is  no  longer  adapted  to  promote  the  best  interests  of  the  mining  in- 
dustry. Unless  such  a  change  in  conditions  has  occurred,  the  alteration 
of  the  law  to  the  diametrically  opposite  policy  will  be  contrary  to  the 
clearly  manifested  and  duly  enacted  will  of  the  people  and  productive 
of  dissatisfaction,  confusion,  and  injustice. 

Of  course  geological  conditions  have  not  changed.  They  are  now  and 
will  continue  in  the  future  the  same  as  they  were  50  years  ago.  Our 
knowledge  of  geological  conditions  has  increased,  it  is  true;  but  it  remains 
to  be  seen  whether  this  is  a  justification  for  the  repeal  of  the  apex  law. 
A  very  great  change  has,  however,  occurred  in  the  financial  conditions 
of  mining;  and  in  this  I  believe  we  may  discover  the  secret  source  of  the  ex- 
pressed dissatisfaction  with  the  law.  In  early  days,  mining  was  largely 
carried  on  by  the  men  who  searched  out  and  discovered  the  ore  deposit,  or 
by  those  who  had  made  fortunes  in  other  mining  ventures.  Now  it  is  largely 
controlled  by  the  great  financial  groups  and  conducted  according  to  the 
trust  and  monopoly  methods.  Mining  has  become  one  of  the  assets  of 
''Big  Business."  The  complaint  against  the  apex  law  comes  chiefly 
from  this  new  factor  in  mining  affairs,  and  its  employees  and  sympathiz- 
ers. In  my  own  experience  among  prospectors  and  such  of  them  as 
had  graduated  into  mine  operators,  I  do  not  remember  to  have  heard 
even  one  man  favor  the  repeal  of  the  apex  law.  It  is  also  noteworthy 
that  among  the  minority  who,  according  to  the  recently  published  series 
of  opinions  collected  by  our  Law  Committee's  Chairman,  are  opposed  to 
the  repeal  of  the  apex  law  are  found  most  of  the  State  bureau  officials, 
and  others  who  presumably  reflect  the  feelings  of  the  actual  miner. 

The  foregoing  sociological  and  juristic  considerations,  and  the  opinions 
of  the  part  of  our  population  actually  doing  the  work  of  mining  and  pros- 
pecting, are  of  the  utmost  importance,  and  should  prevail  against  the 
opinions  of  individuals  and  of  comparatively  small  bodies  of  specialists 
largely  employed  by  "Big  Business." 

But  the  case  for  the  apex  law  does  not  rest  alone  on  such  general  con- 
siderations; and  I  now  pass  to  a  review  of  its  concrete  advantages  and 
alleged  disadvantages.  I  can  be  brief  here;  for  the  field  has  been  ex- 
plored many  times  already  by  rival  partisans,  and  its  main  features — 
its  veins  of  pay  ore  and  its  barren  dikes — are  known  to  all  of  us.  The 
essential  feature  of  the  apex  law  is,  that  it  permits  the  claim  owner  having 
the  apex  of  a  vein,  lode,  or  ledge  to  follow  such  deposit  between  certain 
legally  determined  vertical  planes  to  any  distance,  even  if  he  thereby,  on 
a  dipping  deposit,  passes  beyond  vertical  planes  through  his  boundaries. 
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In  its  favor,  it  is  urged  that  in  plain  justice  and  economic  expediency, 
when  a  miner  has  discovered  and  by  his  work  developed  a  dipping  vein, 
and  worked  it  on  the  incline  to  the  vertical  plane  through  his  boundary, 
he  should  not  be  stopped  by  this  wholly  artificial  obstacle,  and  see  another 
without  labor  and  without  price  reap  the  advantage  of  his  discovery  and 
development.  Besides  its  injustice,  this  would  be  economically  inex- 
pedient; for  it  would  require  much  more  expenditure  in  dead-work  to 
extract  the  ore  body  through  two  or  more  shafts  than  through  one.  The 
matter  is  so  plain  that  amplification  and  argument  are  unnecessary. 
Out  of  its  recognition  by  practical  miners  grew  the  custom  which  was 
in  due  time  enacted  into  statutory  law,  as  I  have  already  shown  histor- 
ically. Unless  some  disadvantages  can  be  proved  against  the  apex  law 
sufficient  to  outweigh  these  considerations,  it  would  be  unjust  and  inex- 
pedient to  abrogate  this  principle  and  set  up  the  contrary  one.  Let 
us  therefore  examine  the  disadvantages  which  are  alleged  to  outweigh 
the  benefits  of  the  law.  It  is  claimed  that  while  the  law  is  "beautiful" 
in  theory,  it  is  in  practice  "immeasurably  bad"  because  of  the  difficulty 
of  determining  the  legal  apex,  and  therefore  the  ownership  of  a  given  ore 
body;  and  that  by  reason  of  this  difficulty  an  immense  amount  of  tedious, 
costly  and  unnecessary  litigation  has  occurred  in  the  past  and  is.  likely 
to  occur  in  the  future.  The  whole  case  agsdnst  the  apex  law  rests  on 
these  allegations — difficulty  of  identification  and  consequent  excessive 
litigation. 

Let  us  first  see  whether  the  assertion  that  the  law  causes  excessive 
litigation  is  well-founded.  But  let  us  also  remember  that  no  law,  human 
or  divine,  is  immune  from  violation.  Are  not  the  fundamental  precepts 
of  the  ten  commandments  often  broken?  A  law  can  only  be  condemned 
on  this  ground  when  it  causes  distinctly  more  litigation  than  other 
similar  laws.  The  charge  of  causing  excessive  litigation  has  been  brought 
against  the  apex  law  so  often  that  to  most  persons  outside  of  the  legal 
profession  mining  litigation  is  practically  synonymous  with  apex  law 
litigation.  If  the  most  unfounded  statement  is  reiterated  frequently 
and  forcibly  enough,  the  average  person  will  at  last  accept  it  as  true.  It 
occurred  to  me,  while  considering  this  subject,  to  examine  the  mining 
decisions  themselves,  and  ascertain  whether,  in  fact,  an  undue  propor- 
tion of  such  suits  arose  out  of  the  apex  provision.  For  this  purpose,  I 
took  the  series  of  decisions  collected  in  Morrison's  Mining  ReportSy 
comprised  in  22  volumes,  issued  from  1883  to  1906.  These  contain  all  of 
the  American  mining  decisions  of  any  importance  up  to  the  latter  date.^ 

I  considered  that  the  most  accurate  way  of  arriving  at  the  proportion 


'  I  did  not  iQolude  the  volume  reoently  issued  (1912),  by  the  same  publishers, 
begumiag  a  new  series,  because  its  plan  has  been  enlarged  to  include  also  irrigation 
and  drainage  cases  and  I  did  not  have  time  to  separate  the  latter  from  the  mining 
dedaionB. 
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of  apex  litigation  was  to  count  the  total  number  of  syllabuses  of  all  the 
legal  questions  contained  in  all  the  decisions  and  compare  this  with  the 
total  number  of  syllabuses  referring  to  the  apex  law.^ 

Of  course  not  all  mining  litigation  was  carried  to  the  higher  courts; 
but  this  was  a  new  question  for  the  courts.  The  apex  section  itself  was 
brief  and  indefinite;  so  that  at  least  an  equal,  probably  a  much  larger, 
number  of  mining  cases  involving  the  apex  provision  were  appealed  than 
those  involving  other  provisions.  It  was  during  this  period,  also,  that  all 
the  important  deficiencies  of  the  apex  law  were  supplied  by  the  principles 
evolved  by  the  courts  to  make  it  more  definite;  so  that  the  proportion  of 
apex  litigation  is  not  likely  to  be  imderestimated  by  this  method,  but 
rather  the  contrary. 

I  confess  that  I  was  surprised  at  the  actual  figures.  The  total  nuniber 
of  syllabuses  in  the  22  volumes  of  decisions  is  5,808,  of  which  the  number 
concerning  the  apex  law  is  115.  The  apex  cases  are  only  about  1.9  per 
cent,  of  the  whole.* 

The  apex  provision  is  one  of  the  28  sections  of  the  U.  S.  Mining  Code 
as  it  appears  in  the  Revised  Statutes.  It  occupies  20  lines  and  the  whole 
code  341;  that  is  to  say,  the  apex  section,  being  longer  than  the  average, 
constitutes  5.8  per  cent,  of  the  whole.  Therefore  the  terrible  apex 
prov&ion  causes  less  than  one-third  in  proportion  to  its  length  of  the 
litigation  that  the  other  provisions  of  the  mining  code  do.  Instead  of 
causing  99.9  per  cent,  of  mining  litigation,  as  Dr.  Raymond  has  somewhere 
stated,  it  has  really  caused  much  less  than  its  proportionate  share  of  the 
trouble.  Facts  are  stubborn  things.  The  chief,  the  constantly  reiter- 
ated, the  convincing  argimient  against  the  apex  law  is  based  on  a  gross 
mistake  as  to  the  facts  in  the  case. 

But,  some  one  may  say,  how  could  so  many  men  be  mistaken  for  many 
years  about  the  matter?  It  is  another  psychological  phenomenon  not 
hard  to  \mderstand,  when  examined  into  attentively,  without  convicting 
any  one  of  willful  falsehood.  The  persons  making  these  statements  so 
often  that  they  finally  came  to  be  accepted  as  the  truth  of  the  matter. 


'  For  the  benefit  of  those  who  are  unacquainted  with  the  law  reports,  which  are 
the  repositories  of  the  largest  part  of  existing  law  in  the  American  and  "Rngliwh  legal 
systems,  I  would  say  that  the  text  of  each  decision  is  nowadays  always  preceded  by  an 
abstract  stating  briefly  the  actual  different  legal  propositions  decided  in  the  case,  ar- 
ranged in  paragraphs,  one  to  each  proposition.  This  is  termed  the  syllabus.  Morri- 
son, the  editor  of  the  series,  is  the  author  of  Morrison's  Mining  Rights,  well  known 
to  all  mining  men.  This  is  a  guarantee  that  these  syllabuses  were  made  or  passed 
upon  by  some  one  understanding  the  mining  law  and  that  all  the  legal  propositions 
contained  in  the  decisions  are  properly  represented  in  the  syllabuses. 

*  I  did  not  have  time  to  check  over  the  coimt  a  second  time  to  be  sure  of  absolute 
accuracy,  but  the  totals  imder  each  heading  assembled  in  the  digest  of  the  syUabuaes 
appended  to  each  volume  were  added  on  a  computing  machine;  and  I  am  confident 
that  the  figures  given  are  substantially  correct. 
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were  not  lawyers,  familiar  with  the  decisions  themselves,  but  engineers 
and  others  familiar  with  the  scientific  side.  Their  attention  was  strongly 
attracted  to  the  litigation  involving  the  apex  law  because  this  turned  on 
geological  and  scientific  facts  with  which  they  were  familiar.  These 
were  the  cases  reported  and  discussed  in  the  scientific  and  mining  period- 
icals. Even  when  known,  the  numerous  lawsuits  turning  on  other  pro- 
visions of  the  law,  having  little  meaning  or  interest,  soon  faded  from 
memory  and  were  forgotten,  leaving  only  the  clear  recollection  of  the  apex 
litigation  standing  out  from  the  whole  mass  of  mining  litigation,  which 
was  dimly  realized  to  be  enormous  in  the  aggregate.  Further,  it  was 
chiefly  in  the  apex  litigation  scientific  men  were  called  in  as  expert  wit- 
nesses. The  great  bulk  of  mining  litigation  was  carried  on  without  them, 
and  so  attracted  little  attention  from  them.  In  this  connection  also,  do 
not  forget  that  there  has  always,  in  all  ages  and  in  all  lands,  been  pro- 
portionately more  litigation  in  mining  than  in  other  industries.  As  I 
have  said  in  another  place :^®  ''The  truth  is,  that  from  the  very  nature 
of  the  industry  of  mining  for  the  precious  metals,  involving  more  than 
most  others  the  element  of  chance — awarding  to  some  rich  prizes  and  to 
others  bitter  disappointments  only — it  is  peculiarly  subject  to  bitterly 
fought  litigation.  This  has  been  the  case  in  all  countries  and  all  times. 
It  long  ago  attracted  the  attention  of  the  King  of  Spain,  who,  in  1785, 
in  promulgating  new  mining  ordinances  for  Peru,  said: 

"The  King,  oonvinoed  of  the  deteriorated  condition  in  which  the  important 
branch  of  mining  of  that  kingdom  has  fallen,  from  a  want  of  method  in  governing  the 
Reales  of  mines,  and  also  on  accounl  of  the  frequent  and  troublesome  litigations  in  which 
the  individuals  of  this  useful  profession  are  involved,  causing  them  enormous  expense 
and  distraction  from  their  business  by  requiring  them  to  reside  in  the  capital  and  other 
places  where  they  go  in  the  prosecution  of  their  lawsuits,  etc."*' 

There  is  nothing  in  the  annals  of  apex  litigation  which  can  equal  the 
litigation  lasting  in  one  form  or  another  nearly  50  years  about  the  zinc 
deposits  at  Franklin  Furnace,  N.  J.,  which  arose  under  the  identical 
common  law  principle  of  ownership  within  vertical  planes  contended  for 
so  strenuously  by  the  opponents  of  the  apex  law." 

The  above  considerations,  I  believe,  largely  account  for  the  prevalence 
among  engineers  of  a  belief  in  the  existence  of  excessive  apex  litigation, 
but  with  some  there  are  other  less  creditable  factors  operating.  One 
of  these  is  jealousy  of  the  legal  profession.  Several  examples  of  this 
attitude  cropped  out  in  the  recent  symposium  ''Should  Our  Mining 
Laws  Be  Changed,"  appearing  in  the  Mining  and  Engineering  World 
during  the  past  summer.    For  instance:  ''I  think  that  principle  was  put 

'*  Shamel:  Mining,  Mineral,  and  Geological  Law,  p.  272>^ 
^^  HaUeek  on  Mines,  p.  589. 

IS  Any  one  interested  can  find  this  remarkable  litigation  described  with  citations 
to  the  original  decisions  in  my  book.  Mining,  Mineral  and  Geological  Law,  p.  41,  ei  seq. 
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in  the  United  States  law  for  the  benefit  of  the  lawyers  rather  than  for 
anyone  else";^*  and  "Our  mining  laws  appear  to  benefit  the  lawyers  more 
than  the  people  in  general,  or  anyone  else.  .  .  .  extralateral  rights 
benefit  lawyers  only";"  and  "I  believe  it  was  originally  implanted  in 
that  law  with  the  idea  of  creating  strife.  .  .  and  business  for  certain 
classes  of  professional  men."^^ 

As  to  the  probable  amount  of  future  litigation  liable  to  arise  from  the 
apex  law  (which  is  the  only  question  worthy  of  practical  consideration), 
it  should  be  remembered  that  during  the  period  of  over  40  years  that 
has  elapsed  since  its  enactment,  its  admitted  indefiniteness  and  defi- 
ciencies have  been  almost  completely  corrected  by  the  decisions  of  the 
courts,  and  there  is  little  likelihood  of  any  notable  number  of  new  ques- 
tions in  this  connection  coming  up  in  the  future.  I  frankly  admit  that 
this  was  not  the  cheapest  or  the  easiest  way  of  supplying  the  necessary 
details;  but  it  has  at  last  been  measurably  accomplished  in  that  way; 
and  if  we  now  think  we  can  see  how  this  could  have  been  done  less  ex- 
pensively, that  is  no  valid  reason  for  rejecting  the  so  costly  results,  and 
adopting  the  contrary  policy.  I  do  not  deny  that  there  may  exist 
theoretical  possibilities  of  a  few  new  situations  arising  under  the  apex 
law;  but  I  believe  the  possibility  of  any  important  amount  of  litigation 
arising  on  new  points  is  very  remote,  and  wholly  insufficient  to  overcome 
the  weighty  considerations  against  repeal. 

An  additional  exceedingly  important  conedderation  against  now  re- 
pealing the  apex  law  is  that  as  to  all  claims  already  located  it  would  still 
be  in  full  force  and  effect.  It  could  very  readily  happen  that  a  subsequent 
locator  whose  own  rights  were  limited  by  vertical  boundary  planes  would 
nevertheless  be  compelled  to  3rield  extra-lateral  rights  within  his  bounda- 
ries to  a  prior  locator.  In  fact,  the  repeal  now  of  the  apex  law  would 
tend  to  further  complicate  legal  rights  and  inevitably  provoke  additional 
litigation,  instead  of  accomplishing  its  suppression.  Outside  of  Alaska, 
the  jurisdiction  of  the  apex  law  has  been  so  thoroughly  prospected  that 
there  is  little  hope  that  any  important  new  mining  districts  will  hereafter 
be  discovered;  and  a  change  of  legal  rights  in  existing  districts  would 
unquestionably  produce  more  instead  of  fewer  disputes.  These  are  the 
strongest  considerations  which  occur  to  me  against  the  repeal  of  the  apex 
law  at  the  present  date,  and,  together  with  other  facts  detailed  above, 
irresistibly  lead  me  to  believe  that  it  would  be  fundamentally  unjust, 
economically  inexpedient  and  contrary  to  the  best  interests  of  all  occupied 
in  mining,  except  possibly  the  trusts  and  monopolies  and  their  satellites. 


^'Warren  D.  Smith:  Mining  and  Engineering  World,  vol.  xxxix,  No.  4,  p.  159 
(July  26,  1913). 

i«  Murray  Innes:  idem,  vol.  xxxix,  No.  1,  p.  22  (July  5,  1913). 
"  E.  E.  Oloott:  idem,  vol.  xxxix,  No.  3,  p.  112  (July  19,  1913). 
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for  Congress  at  this  late  date  in  the  development  of  our  mineral  resources 
to  change  the  law  by  eliminating  the  apex  provision  therefrom. 

With  some  reluctance,  for  fear  of  possibly  causing  new  complications 
and  consequently  more  litigation,  I  venture,  however,  to  propose  a  re- 
vision and  modification  of  the  apex  law,  as  follows: 

1.  A  restatement  of  the  apex  section  giving  full  details  for  its  applica- 
tion to  all  the  different  situations  of  veins  or  other  deposits,  boundaries, 
etc.,  that  have  arisen  in  the  past  or  that  may  be  reasonably  likely  to  arise 
in  the  future.  This  should  be  based  on  a  careful  comparison  and  codifica- 
tion of  the  decisions  of  the  courts  applied  to  the  different  situations.  If 
thus  based  on  existing  decisions  of  the  courts,  it  ought  not  to  cause  any 
increase  in  litigation,  and  would  enable  miners  to  determine  their  rights 
for  themselves,  and  proceed  according  to  law,  when  the  different  situa- 
tions arise  in  practice.  They  cannot  themselves  dig  out  this  information 
from  the  court  decisions,  or  even  know  where  to  find  these.  This  plan 
(A  more  definite  formulation  of  the  apex  law  was  indorsed  by  nearly  all  of 
those  who  favored  its  retention,  in  the  symposium  mentioned  above. 

2.  The  addition  of  as  complete  and  accurate  definitions  as  are 
afforded  by  the  resources  of  modem  economic  geology,  of  the  specific 
kinds  of  ore  bodies  to  which  the  apex  law  should  be  declared  to  apply. 
Merely  as  a  suggestion  and  a  basis  for  discussion,  I  would  include  true 
fissure  veins,  shear  zones,  contact  deposits,  volcanic  necks,  and  possibly 
replacement  deposits  in  limestone,  as  these  forms  are  defined  by  our 
former  president.  Professor  Kemp,  in  his  Treatise  on  Ore  Deposits,  p.  56. 

3.  As  of  still  greater  importance  than  the  matter  of  definition,  I 
would  make  the  enjoyment  of  extrsrlateral  rights  to  any  subsequently 
located  claim  depend  on  the  results  of  an  examination  by  competent, 
impartial  scientific  authorities,  instead  of  a  battle  of  alleged  experts  in  a 
law  court  before  a  jury." 

4.  As  a  basis  for  discussion,  I  would  suggest  that  this  scientific  author- 
ity be  the  U.  S.  Geological  Survey,  which  would  determine,  upon  applica- 
tion of  the  owner,  after  due  notice  to  adjacent  claim  owners,  whether  a 
given  ore  body  was  one  to  which,  by  the  proposed  definitions,  extra-lateral 
rights  l^^Ily  belonged  or  not.  There  should  be  provision  for  an  appeal 
under  fixed  conditions,  not  to  a  court,  but  to  a  board  of  higher  officials  of 
the  Survey,  or  to  some  other  board  of  competent  and  impartial  authorities 
— ^their  decision  to  be  final,  and  not  subject  to  review  by  the  courts  in  any 
manner.  Under  this  plan,  the  parallel  end-line  requirement  could  well  be 
omitted,  and  the  parallel  limiting  planes  for  extra-lateral  excavation  fixed 


'*  I  would  observe  in  passing  that  it  seems  that  much  of  the  disfavor  felt  by  reason- 
able engineers  toward  the  apex  law  grows  out  of  their  disgust  at  the  performances 
of  many  alleged  experts  during  lawsuits  involving  geological  matters.  The  plan  I 
propose  would  entirely  eliminate  this  source  of  honest  dissatisfaction,  and  put  the 
purchasable  expert  out  of  business. 
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also  by  the  Geological  Survey.  This  would  entirely  prevent  any  litiga- 
tion about  apex  questions  on  claims  located  hereafter,  and  at  the  same  time 
would  preserve  the  justice  and  all  the  benefits  of  the  present  apex 
provision.  This  geological  survey  should  be  paid  for  by  the  claim  owner, 
and  should  be  allowed  to  serve  as  the  patent  survey,  so  that  expense  to 
the  claim  owner  would  not  be  greater  than  under  the  present  system. 

Discussion 

R.  W.  Raymond,  New  York,  N. Y. — I  wish  to  thank  Mr.  Shamel  for 
his  vigorous  presentation  of  that  side  of  the  question  before  us,  on  which, 
if  one  shoiild  judge  from  the  contributions  here  presented,  he  stands  alone. 
For,  in  the  first  place,  he  does  not  in  fact  stand  alone,  but  is  backed  by  a 
host  of  citizens  in  the  States  affected  by  the  "apex  law, "  who  have  often 
exhibited  heretofore  their  opposition  to  its  repeal  by  the  pressure  they  have 
brought  to  bear  upon  their  Congressmen,  some  of  whom  have  been  retired 
to  private  life,  apparently  as  a  penalty  for  supporting  that  reform.  More- 
over, many  intelligent  and  public-spirited  persons  have  ably  supported 
his  view  in  other  publications  than  our  Transactions;  and  I  may  say  with- 
out discourtesy  that  the  most  complete  refutal  of  Mr.  Shamel's  argument 
would  leave  other  and  stronger  presentations  of  his  case  yet  to  be  con- 
sidered. But  if  he  did  stand  alone,  he  would  still  be  not  only  entitled, 
but  cordially  welcome,  to  a  hearing  here;  and,  after  any  amount  of  dis- 
cussion, from  which  he  emerged  as  victor  or  victim,  he  would  be  warranted 
in  demanding  that  the  Institute  should  not,  by  any  official  act  or  expres- 
sion, commit  itself  to  either  side  of  this  or  any  other  question.  For  by 
its  immemorial  tradition,  as  well  as  its  former  and  its  present  Constitution, 
the  Institute  is  a  forum  for  discussion,  and  not  a  tribunal  for  adjudication. 

As  is  well  known,  I  have  been  for  many  years  an  earnest  opponent 
of  the  principle  of  the  apex  law.  And  I  cannot  but  be  pleased  to  find  that 
my  professional  colleagues  and  fellow-members  so  generally  approve  the 
views  on  that  subject  which  I  have  so  frequently  expressed  since  my  first 
paper  was  presented  at  the  Troy  meeting,  in  1883.^'  Yet  I  would  not  have 
the  Institute  transcend  its  proper  sphere  by  formally  advocating  even  this 
reform,  so  dear  to  me,  and,  in  my  judgment,  so  important  to  the  mining 
industry.  With  this  explanation  I  shall  proceed  to  offer  a  reply  to  some 
of  the  statements  contained  in  Mr.  Shcmiers  paper. 

Mr.  Shamel's  excellent  elementary  statement  as  to  the  foundation  of 
law  in  custom,  no  one  will  care  to  dispute.  But  in  his  hands  it  is  a 
boomerang;  for  the  apex  provision  of  the  Act  of  1872  was  a  monstrous 
violation  of  all  known  customs.    The  customary  initiation  of  mining 

^^  The  Law  of  the  Apex,  Trans. ^  xii,  387  (1883-84) .  See  also  my  subsequent  papers : 
The  Law  of  the  Apex,  Appendix,  Trans,^  xii,  677  (1883-84);  Lode-locations,  Troiw.,  xv, 
272  (1886-87);  End-lines  and  Side-lines  in  the  U.  S.  Mining  Law,  Trans.,  zvii,  787 
(1888-89);  Imaginary  Boundaries,  Trans,,  xviii,  182  (1889-90). 
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titles  was  discovery.  Nobody  had  dreamed  of  granting  to  a  prospector 
mining  rights  upon  a  vein  which  he  had  not  discovered — especially  upon 
a  vein  which  somebody  else  had  discovered.  And  the  covering  of  an 
undiscovered  ''apex"  with  a  claim  located  for  the  convenient  working  of 
another  and  altogether  separate  vein,  had  never  been  dreamed  of  as  a 
legitimate  basis  of  title  against  a  real  discoverer,  who  had  developed  the 
vein  by  shalt  or  tunnel.  Nobody  had  ever  heard  of  an  "apex."  The 
dictionaries  said  it  was  a  point;  the  statute  said  it  was  a' 'top;"  the  courts 
finally  declared  it  to  be  an  edge,  and  then  defined  this  edge  as  a  surface. 
But  the  custom  of  miners,  which  Mr.Shamel  regards  as  the  sacred  founda- 
tion of  law,  had  nothing  to  say  about  it.  Upon  this  absolute  vacuum  the 
apex  was  builded.  Mr.  Shamel's  eloquent  assertion  of  the  merits  and  the 
due  reward  of  the  prospector  and  discoverer  condemns  this  fanciful  and 
unprecedented  invention  of  a  new  structure  of  law,  of  which  the  base  was 
"  the  apex. "  Mr.  Shamel  cannot  produce  from  andent  or  modern  history 
— even  from  his  own  treatise  on  Mining ^  Mineral  and  Geological  Law — a 
custom,  sacred  or  profane,  which  warrants  this  absurdity. 

Even  the  present  extra-lateral  right,  which  is  commonly  regarded  as 
simply  continued  from  the  Act  of  1866,  as  that  was  simply  a  confirmation 
of  pre-established  custom,  was  in  fact  entirely  novel  and  arbitrary,  not 
only  in  its  relations  to  the  apex,  but  also  in  its  relations  to  all  surface 
ownership.  For  the  earlier  right  was  not  properly  "extrarlateral"  at  all, 
since  theboundariesof  the  surface  location  did  not  affect  it,  and  indeed 
the  surface  location  conveyed  no  exclusive  possession.  What  the  Act  of 
1866  really  granted  was  .a  certain  length  of  the  lode,  and  by  implication 
the  right  to  mine  upon  it  to  indefinite  depth.  The  lines  of  the  surface 
location  did  not  condition  this  right.  But  the  Act  of  1872  grants  no 
definite  length  of  lode,  and  limits  all  underground  rights  by  such  condi- 
tions as  the  course  of  the  apex  and  the  position  of  the  surface  boundaries 
of  the  claim  may  at  any  time  be  shown  to  require.  And  as  to  those  parts 
of  the  vein  or  veins  apexing  within  the  location  upon  which  a  valid  extra^ 
lateral  right  is  granted,  that  right  does  not  cover  actual  mining,  unless  it 
can  be  done  wholly  inside  of  the  vein  itself,  without  cross-cuts,  stations,  or 
even  niches  for  supplies,  or  notches  for  timbers,  excavated  in  the  country 
rock,  no  portion  of  which  is  included  in  the  extra-lateral  possession  granted. 
Mr.  Winchell's  paper,  presented  at  this  session,  gives  illustrations  of  this 
featiire  of  the  statute.  I  cannot  say  it  is  unprecedented;  for  there  are 
amusing  oases  in  the  English  law  books,  in  which  the  mineral  under  a 
certain  area  has  been  sold  by  the  surface  owner  without  the  right  to  break 
the  surface  by  making  roads,  shafts,  dumps,  etc.,  and  it  has  been  held 
that  the  purchaser  of  the  mineral  owned  it,  but  could  not  legally  get  at  it 
or  extract  it,  against  the  wish  of  his  grantor,  the  surface^owner.  To 
guard  against  such  a  situation,  our  private  mining'^leases  usually  contain 
express  provisions  for  roads,  dumps,  mines,  machinery,  etc.;  and  it  is 
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universally  held  that  the  permission  to  mine  and  carry  away  minerals 
covers  all  necessary  distiurbance  or  excavation  of  country  rock  under  the 
surface. 

I  do  not  suspect  Mr.  Shamel  of  consciously  approving  the  foregoing 
violations  of  custom  and  equity  by  the  law  of  the  apex.  His  own  argu- 
ment condemns  them. 

Mr.  Shamel  disputes  the  assertion  that  the  apex  provision  of  this  law 
has  caused  an  enormous  and  disproportionate  amount  of  litigation,  on  the 
strength  of  an  ingenious  statistical  research  which  he  has  made,  with  the 
aid  of  an  adding-machine,  in  twenty-two  volumes  of  Morrison's  Mining 
Reports. 

Before  I  proceed  to  consider  this  remarkable  investigation,  let  me 
note  that;  in  this  connection,  Mr.  Shamel  quotes  me  as  having  "some- 
where stated"  that  the  apex  provision  has  caused  '^99.9  per  cent,  of 
mining  litigation. "  I  have  not  been  able  to  trace  this  vague  reference 
far  enough  to  ascertain  what  was  the  statement  of  mine  to  which  it 
alludes;  but  I  have  found  the  place  which  Mr.  Shamel  regards  as  his 
authority,  namely,  a  letter  in  the  Engineering  and  Mining  Journal,  the 
writer  of  which  ascribes  to  me  the  statement  that  "the  'extra-lateral' 
underlies  99.9  per  cent,  of  our  mining  litigation, "  and  says  that  in  the 
San  Juan  region  of  Colorado  the  proportion  is  the  other  way,  "at  least, 
so  far  as  the  number  of  cases  is  concerned" — the  overwhelming  majority 
being  "adverse"  suits,  to  say  nothing  of  other  suits  over  grub-stakes, 
division  of  interests,  trusteeships,  etc.  This  passage  is  given,  without 
its  context,  in  Shamel's  Mining,  Mineral  and  Geological  Law,  p.  273.  I 
need  only  say,  with  regard  to  it,  that  I  do  not  regard  aU  litigation  among 
miners  as  "mining  litigation. "  Contests  concerning  advances  of  capital, 
tools  or  materials,  on  promise  of  participation  in  the  profits  of  an  adven- 
ture, are  not  peculiar  to  mining,  though  the  advance  may  be  called  a 
"grub-stake."  Nor  are  contests  over  the  division  of  interests,  trustee- 
ships, etc.,  mining  litigation,  though  they  may  concern  property  in  mines 
or  ores.  But  the  "adverse"  suits,  said  to  constitute  in  San  Juan  the 
overwhelming  majority,  are  fights  over  the  priority  or  validity  of  possess- 
ory titles  to  surface  locations,  carrying  extra-lateral  mining  rights  which 
are  limited  by  the  surface  lines.  These  prospective  rights  invariably 
underlie  such  conflicts.  For  the  grant  of  the  United  States  is  not  definite, 
but  conditional  and  uncertain;  and  the  surrender  by  a  locator  of  a  portion 
of  his  siuf ace  area,  otherwise  worthless,  may  lose  for  him  a  yet  undis- 
covered "apex,"  with  unknown  possibilities  in  depth,  or,  by  changing 
his  surface  lines,  may  abridge  his  rights  upon  the  "discovery"  vein  over 
the  apex  of  which  (known,  but  not  yet  fully  traced  throughout  the  claim) 
he  has  made  his  location.  This  is  the  reason  that  "adverse"  suits  are  so 
frequent  and  so  bitter  with  regard  to  mining  claims.  I  must  conclude 
that  the  correspondent  of  the  Journal  confined  his  account  of  lawsuits 
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"underlain  by  the  extra-lateral"  to  those  in  which  the  nature  and  limits 
of  that  right  were  the  questions  at  issue,  excluding  those  in  which  the 
right  itself  was  in  whole  or  part  the  object  or  the  cause  of  controversy. 
I  think  Mr.  Shamel  has  fallen  into  the  same  error. 

He  declares  himself  to  have  been  surprised  at  the  result  of  his  inves- 
tigation. It  is  the  method,  not  the  result,  which  surprises  me.  He  sorts 
5,808  cases  contained  in  Morrison's  ReporU  into  two  classes,  those  in 
which  the  prefatory  syllabus  mentions  apex  rights,  and  those  in  which  it 
does  not.  And  he  finds  only  116  in  the  first  class,  and  5,693  in  the  second. 
Whereupon  he  declares  that  the  apex  cases  are  only  about  1.9  per  cent, 
of  the  whole,  and  that  the  chief  argument  against  the  apex  law  "  is  based 
on  a  gross  mistake  as  to  the  facts  in  the  case."  Mr.  Shamel  suggests  a 
psychological  explanation  of  the  error,  avoiding  the  necessity  of  charging 
the  authors  with  "willful  falsehood. "  But,  while  grateful  for  his  good  will, 
I  prefer  another  explanation,  equally  protecting  my  honor,  and  not 
impugning  my  common  sense.  The  amount  of  mining  litigation  due  to 
the  apex  law  is  not  measured  by  the  number  of  leading  cases  in  which 
questions  of  apex  rights  are  directly  decided,  but  by  the  time,  money,  and 
labor  expended  on  lawsuits  under  this  mining  law,  by  reason  of  its  apex 
rights.  The  argument  which  Mr.  Shamel  controverts  is  based  on  the 
injury  to  the  mining  industry  wrought  in  this  respect  by  the  law;  and  that 
injury  consists  in  the  uncertainty  of  mining  titles,  which  involves  constant 
risk  of  litigation,  and  the  nature  of  the  litigation  thus  caused,  which 
makes  it  ruinously  expensive — including,  as  it  often  does,  costly  under- 
ground dead  work,  interfering  with  productive  operation;  the  preparation 
of  special  maps,  sections,  and  models;  and  the  work  of  experts  for  long 
periods,  as  well  as  the  costs  of  the  long  trials  themselves. 

Lawyers  are  well  aware  that  a  court  will  not  decide  a  point  of  law  not 
properly  before  it  in  the  case  under  trial.  This  principle  has  been  illus- 
trated over  and  over  again  in  the  U.  S.  Supreme  Court,  by  the  decision  of  a 
case  on  some  point  of  procedure,  which  rendered  it  unnecessary  to  pass 
upon  the  weightier  questions  at  issue.  It  follows  that  numerous  cases, 
supposed  to  involve  the  construction  of  the  apex  law,  and  carried  up  to  the 
U.  S.  Supreme  Court  for  the  purpose  of  obtaining  such  a  construction,  were 
sent  back  to  be  tried  again,  because  of  defects  which  settled  the  contro- 
versy anyhow,  without  solving  the  more  difficult  problems  presented. 
The  report  of  such  a  case  would  say  in  its  syllabus  nothing  about  the 
apex  law,  though  the  case  itself  would  never  have  existed  at  all,  or  would 
never  have  been  carried  so  far,  but  for  that  peculiar  law. 

Again,  many  cases  really  caused  by  the  apex  provision,  go  up,  even  to 
the  U.  S.  Supreme  Court,  on  interlocutory  proceedings.  Several  of  the 
suits  of  the  Montana  Mining  Co.  described  in  Mr.  Goodale's  paper, ^^  as 

^*  The  Apex  Law  in  the  Drumlummon  Controversy,  this  volume,  p.  328. 
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well  as  others,  which  he  has  omitted  to  mention,  belong  in  this  category; 
and  I  could  add  to  the  number  from  my  own  experience. 

Moreover,  a  large  number  of  litigated  controversies  concern  operations 
in  what  might  be  called  the  extra-lateral  r^ion,  though  they  do  not 
involve  the  construction  of  the  extra-lateral  right.  These  cases  are 
chargeable  to  the  apex  law,  because  they  could  not  possibly  have  arisen 
without  it.  In  every  such  case,  no  matter  what  l^al  question  is  involved, 
the  parties  must  show  their  respective  titles,  and  the  apex  is  immediately 
an  issue,  though  it  may  not  appear  in  the  syllabus. 

Still  more  important  is  the  circumstance  that  the  vast  majority  of 
mining  cases  decided  in  the  State,  or  Federal  district,  courts  do  not  get 
to  the  U.  S.  Supreme  Court.  A  very  few  decisions  of  that  tribunal  have 
controlled  the  opinions  of  the  coiurts  below,  in  innumerable  instances. 
The  same  is  true  of  the  decisions  of  the  State  Supreme  Courts.  Conse- 
quently, the  leading  cases  selected  by  Morrison  as  authoritative  in  the 
construction  of  the  apex  law  fiurnish  no  measiure,  even  of  the  number  (to 
say  nothing  of  the  importance  and  cost)  of  the  contests  caused  by  that 
law. 

Mr.  Shamel  reminds  us  that  all  laws — even  the  Ten  Commandments 
— can  be  violated.  The  obvious  reply  is,  that  the  Decalogue  can  be 
easily  understood,  while  the  apex  law  cannot;  and  that  the  principal 
victims  of  the  latter  are  those  who  have  conscientiously  tried  to  obey  it. 
Mr.  Goodale's  paper,  already  cited,  tells  but  one  story  out  of  many,  which 
go  to  explain  the  present  reluctance  of  capitalists  to  invest  in  mining 
property  carrying  the  incubus  of  this  law,  under  which  no  title  is  safe 
against  attack  based  on  "new  developments,"  or  new  geological  theories. 

Mr.  Shamel  adduces  the  famous  litigation  over  the  New  Jersey  zinc 
mines  as  a  sample  of  what  might  take  place  under  a  law  not  granting 
extra-lateral  rights.  Since  he  describes  this  case  at  length  in  his  book,  he 
must  be  aware  that  it  originated  in  the  granting  of  two  mining  leases  on 
the  same  land — one  for  frainklinite  and  iron  ores,  and  the  other  for  zinc 
and  other  ores — and  that  the  only  mining  question  involved  in  it  was  the 
distinction  between  these  substances — the  minerals  themselves  being 
mixed  in  the  deposits  mined.  But  the  litigation  was  prolonged  for  50 
years  by  the  appearance  of  new  parties,  disputes  over  intermediate  con- 
veyances, and  other  controversies  which  had  nothing  to  do  with  mining 
law.  The  protracted  war  ended  in  a  compromise  between  the  grantees 
of  the  parties  long  dead;  but  there  was  no  time  during  its  existence  when 
the  construction  of  the  law  involved  either  the  least  diflSculty  or  the  least 
advantage  to  either  party.  Under  any  law,  men  may  make  ambiguous 
contracts,  and  their  grantees  may  fight,  if  they  see  fit,  over  the  inter- 
pretation thereof.  It  is  the  peculiarity  of  the  apex  law,  that  it  grants 
without  definition,  and  leaves  its  grantee  open  to  attack  forever.     Besides, 
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the  New  Jersey  case  is  unique,  whereas  the  attacks  upon  the  bona  fide 
purchasers  of  the  U.  S.  mineral  lands  are  innumerable.^* 

But  Mr.  Shamel,  while  opposing  the  repeal  of  the  apex  law,  modestly 
proposes  a  few  amendments  of  it,  which  would  be  as  revolutionary  as 
anything  he  deprecates.  He  would  have  the  apex  section  "re-stated/' 
so  as  to  contain  the  results  of  careful  comparison  and  codification  of  the 
decisions  of  the  courts,  and  give  full  details  for  their  application ''  to  all 
the  different  situations  of  veins  or  other  deposits,  boundaries,  etc.,  that 
have  arisen  in  the  past  or  that  may  be  reasonably  likely  to  arise  in  the 
future."  This,  he  thinks,  "would  enable  miners  to  determine  their 
rights  for  themselves. " 

But  this  is  only  the  b^inning.  The  law  should  also  contain  geolog- 
ical definitions  of  the  specific  kinds  of  deposits  to  which  it  applies.  These 
should  be  as  complete  and  accurate  as  the  resources  of  modern  economic 
geology  afford.  Of  course,  Mr.  Shamel,  being  a  lawyer,  knows  that  if  the 
law  authorizes  the  conveyance  of  extra-lateral  right  in  certain  classes  of 
deposits  in  place,  and  not  in  certain  other  classes,  then  the  conveyance, 
by  patent,  of  such  rights  upon  a  given  deposit,  supposed  to  belong  to  the 
former  class,  would  be  absolutely  void,  as  an  unauthorized  act  of  the 
Executive,  if  the  deposit  should  be  shown,  at  any  si^bsequent  time,  to 
belong  to  the  other  class.  No  matter  how  many  years  of  undisputed 
possession  might  have  elapsed;  the  grant  having  been  void  at  the  begin- 
ning, the  grantee  would  be  liable  to  ejectment  from  his  extra-lateral 
ground,  and  to  damages  for  the  trespass.  This  danger  exists  in  the 
present  law.  But  Mr.  Shamel'  s  amendment  would  make  it  more  acute 
and  more  complicated.  I  notice  that  he  includes  "volcanic  necks" 
among  the  classes  to  which  he  would  have  the  law  apply.  But  he  does  not 
say  how  the  course  of  the  apex  of  a  volcanic  neck  is  to  be  determined. 

A  further  recommendation  of  Mr.  Shamel,  which  he  thinks  still  more 
important,  is  that  "the  enjoyment  of  extra-lateral  rights  to  any  subse- 
quently located  claim"  shall  "  depend  on  the  results  of  an  examination 
by  competent,  impartial  scientific  authorities,  instead  of  a  battle  of  al- 
leged experts  in  a  law  court  before  a  jury." 

I  do  not  exactly  understand  the  force  of  "subsequently  located"  in 
this  statement.  Under  the  present  law,  the  rights  of  junior  locators  are 
already  subordinated  explicitly  to  those  of  senior  locators;  and  the 

'*  In  his  discussion  of  Mr.  Winchell's  paper,  which  I  have  seen  while  writing  out 
these  remarks  for  publication,  Mr.  Shamel  presents,  as  another  instance  of  iprolonged 
litigation,  the  prosecution  of  Freeman,  Hawthorne  and  others  for  criminal  misuse  of 
the  U.  S.  post  office  in  the  promotion  of  vulgar  mining  swindles.  I  do  not  see  the 
pertinency  of  this  illustration.  The  ease  with  which  fraudulent  enterprises  can  be 
promoted  by  circulars,  offering  stock,  is  notorious.  It  is  estimated  that  $100,000,000 
has  been  extracted  from  credulous  investors  by  that  method.  Time  and  money  are 
weQ  spent  in  prosecuting  such  criminals,  and  we  do  not  call  the  prosecution  unnecessary 
"litigation." 

TOIi.  XLTin. — ^21 
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majority  of  disputes  about  mining  titles  originate  in  claims  on  the  part  of 
the  senior  locator  to  extra-lateral  rights  which  he  asserts  and  his  oppon- 
ents deny.  In  every  such  controversy,  one  party  is  prima  facie  the 
senior,  and  the  other  the  junior,  locator.  Does  Mr.  Shamel  propose  that 
the  senior  locator  shall  have  whatever  he  claims,  while  an  impartial 
scientific  board  shall  determine,  not  only  whether  the  junior  locator  has  a 
good  defense,  but  whether  he  has  any  extra-lateral  rights  at  all?  Moreover, 
under  the  present  law,  in  a  controversy  over  apex  rights,  the  junior 
locator  may  have,  and  alwa3rs  professes  to  have,  the  apex  covering  the 
ground  in  dispute.  If  he  is  right,  then  he  is  really  the  senior  locator  on 
that  particular  apex;  that  question  of  fact  would  have  to  be  determined 
before  the  impartial  scientific  board  could  act  at  all;  and  when  it  was 
determined,  there  would  be  no  need  of  the  board. 

After  careful  study,  I  reached  the  conclusion  that  Mr.  Shamel  meant 
simply  the  substitution,  in  the  trial  of  "extra-lateral"  controversies,  of  an 
impartial  board,  instead  of  experts  paid  by  the  respective  parties,  with  the 
further  difference  that  the  decision  of  this  board  should  be  binding  upon 
judges  and  juries,  and  reviewable  only  by  a  higher  board  of  the  same 
character — ''not  a  court."  This  proposition  is  at  least  conceivable  and 
debatable,  though  it  involves  the  overthrow  of  the  present  principles  of 
our  jurisprudence,  the  denial  of  the  right  of  a  citizen  to  appeal  for  justice 
to  the  courts  of  his  country,  the  conferment  of  judicial  authority  upon 
officials  neither  elected  by  the  people  nor  appointed  with  primary  refer- 
ence to  their  ability  to  construe  or  administer  the  law.  In  the  administra- 
tion of  justice,  such  boards  may  advise,  but  the  coiuia  must  decide. 

But  on  reading  further,  we  find  that  Mr.  Shamel  proposes  his  scientific 
board,  not  to  settle  controversies  but  to  prevent  them.  His  plan  is,  that 
a  claim  owner,  after  due  notice  to  adjacent  claim  owners,  shall  apply  to 
the  U.  S.  Geological  Siurey  (or  some  other  scientific  authority)  to  deter- 
mine whether  a  given  ore  body  shown  in  this  ground  "was  one  to  which, 
by  the  proposed  definitions,  extra-lateral  rights  belonged  or  not;",  that  is 
to  say,  whether  it  did  or  did  not  belong  among  the  classes — "veins, 
shear  zones,  contact  deposits,  volcanic  necks,  and  possibly  replacement 
deposits  in  limestone" — to  copy  Mr.  Shamel's  list.  But  the  essential 
thing  is  not  merely  the  character  of  the  deposit,  but  the  possession  of 
the  apex,  to  what  extent  and  in  what  direction.  Apparently,  Mr. 
Shamel's  board  is  to  settle  these  points  also,  quietly  disregarding  the 
"parallel  end-line  requirement,"  and  fixing  end  planes  according  to  its  own 
judgment.  But  the  law  grants  extra-lateral  rights  on  all  other  apexes 
within  the  location.  If  the  owner  finds  another  vein  in  his  ground,  must 
he  call  for  the  impartial  board  again,  and  get  it  to  fix  a  new  pair  of  end 
planes?  Above  all,  are  these  "impartial"  (that  is  to  say,  ez  parte) 
decisions  of  the  board  to  stand  forever,  in  spite  of  all  later  developments 
of  the  facts? 
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Without  further  discussion  of  these  propositions,  I  must  say  in  con- 
clusion that  I  think  they  constitute  a  very  strong  argument  against  Mr. 
Shamel's  main  position;  for  a  law  that  needs,  in  the  opinion  of  its  advo- 
cates, such  radical  and  revolutionary  violations  of  sacred  custom,  con- 
stitutional principle,  American  liberty  and  administrative  efficiency  to 
make  it  perfect,  had  better  be  repealed  than  thus  amended. 

E.  W.  Parker,  Washington,  D.  C. — In  two  important  instances  in 
this  country  the  law  of  the  apex  was  done  away  with  by  consent  of  the 
parties.  At  Bisbee,  and  in  one  place  out  in  Michigan,  the  two  parties 
agreed  to  abolish  the  apex  law,  and  by  mutual  consent  took  the  vertical 
side  line  and  other  vertical  lines  as  the  delimitation  of  their  properties. 
That  worked  out  very  satisfactorily. 

Senator  Thomas  J.  Walsh,  Helena,  Mont. — ^Inasmuch  as  the 
Drumlunmion  litigation  has  been  mentioned  here,  I  would  like  to  make  a 
statement,  as  it  may  not  be  known  to  all  present,  that  that  litigation  out- 
lived three  generations  of  lawyers.  The  distinguished  member  of  the 
Institute  who  has  just  addressed  you  was  associated  with  the  first  genera- 
tion, and  I  was  in  at  the  death. 

It  is  to  be  borne  in  mind,  and  this  I  speak  with  entire  deference,  that 
the  views  of  lawyers  as  well  as  of  engineers,  concerning  the  wisdom  of  the 
continuation  of  the  present  apex  law,  carrying  with  it  the  extra-lateral 
right,  are  likely  to  be  formed  or  colored  by  the  success  .or  failure  of  their 
own  efforts  in  causes  in  which  it  played  a  part. 

I  have  glanced  hastily  over  Mr.  Goodale's  paper,  and  I  have  no  doubt 
it  is  characterized  by  the  good  temper  and  judicial  spirit  he  usually  dis- 
plays. But  it  must  be  borne  in  mind  that  Mr.  Goodale  was  an  expert  in 
that  case,  and  he  was  on  the  losing  side.  I  merely  suggest  that  in  reading 
the  paper  of  Mr.  Goodale,  you  will  bear  in  mind  that  you  are  reading  a 
statement  of  an  advocate  of  one  side  of  the  litigation.  I  do  not  mean  to 
say  it  is  inaccurate.  In  looking  it  over  it  seemed  to  me  that  facts  which 
seemed  to  us  of  very  great  consequence  were  not  incorporated.  However, 
I  would  not  be  misunderstood  about  this,  and  I  do  not  understand  that 
there  is  any  contention  that  the  final  result  of  the  Drmnlummon  case,  the 
Nine  Hour  case,  was  colored  with  any  injustice  except  so  far  as  injustice 
inheres  in  the  law  which  was  applied  to  the  case.  I  am  myself  convinced 
that  the  apex  law  should  be  abolished.  That  as  a  matter  of  fact  it  does 
give  rise  to  interminable  and  very  expensive  litigation,  is  generally 
recognized. 

Two  ideas  suggested  by  Dr.  Raymond  may,  I  think,  be  urged  in  very 
just  criticism  of  the  paper  read  in  support  of  the  extra-lateral  right. 

The  Amalgamated-Heinze  litigation  was,  as  everybody  knows,  based 
almost  exclusively  on  contentions  concerning  the  apex  right;  and  yet  that 
litigation  developed  practically  no  law  at  all  upon  apex  rights.    The  law 
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had  praetically  all  been  settled.  It  involved  largely  questions  of  fact 
under  the  law  as  it  had  been  settled,  questions  of  practice  and  procedure, 
and  of  substantive  right  other  than  such  as  had  that  foundation. 

I  have  no  doubt  you  could  go  through  the  reports  of  that  litigation, 
which  was  continued  for  10  years,  and  I  would  undertake  to  say  you  can- 
not find  half  a  dozen  syllabuses  referring  to  any  question  under  the  apex 
provision.  And  yet  the  entire  field  of  litigation  almost  was  traversed. 
For  instance,  in  that  litigation  we  developed  all  the  law  applicable  to  the 
writ  of  supervisory  control  in  our  Supreme  Court.  Writs  of  prohibition, 
writs  of  mandamus,  and  to  proceedings  for  contempt.  And  yet  the  whole 
litigation  rested  on  the  assertion  of  apex  rights. 

RossiTER  W.  Raymond. — Wasn't  there  a  very  important  interlocu- 
tory matter  in  the  Drumlummon  case  not  reported  by  Mr.  Goodale,  and 
which  was  most  extraordinary,  where  they  made  a  survey  of  the  mine  be- 
fore a  suit  was  brought? 

Senator  Walsh. — Yes,  sir.  That  went  to  the  Supreme  Court  of  the 
United  States.  It  involved  a  statute  in  our  State  which  permits  examina- 
tion of  a  property  involved  as  well  as  of  adjacent  property,  preparatory 
to  the  suit.  Proceedings  were  instituted  under  that  statute  for  the  pur- 
pose of  ascertaining  the  facts,  and  the  constitutionality  of  that  statute 
was  attacked.  The  St.  Louis  Co.  sought  to  go  down  into  the  workings 
of  the  Montana  claim  through  the  workings  made  by  the  Montana  Co. 
The  Montana  Co.  attacked  that  statute  as  being  in  violation  of  its  con- 
stitutional rights.  We  finally  went  to  the  Supreme  Court  of  the  United 
States,  which  held  that  the  statute  was  a  proper  legislative  act.  The 
order  for  inspection  had  been  granted,  and,  the  inspection  having  been 
made,  a  suit  was  instituted.  Then  after  the  suit  was  instituted  there  was 
a  question,  of  the  equity  powers  for  permitting  an  investigation  or  ex- 
amination. The  adverse  was  set  up,  and  that  resulted  in  a  compromise 
whereby  the  strip  was  conveyed  by  the  owners  of  the  St.  Louis  to  the  Nine 
Hour,  and  the  adverse  was  dismissed  in  pursuance  of  the  stipulation. 

Then  the  conveyance  was  refused,  and  an  action  of  specific  perform- 
ance was  instituted  for  the  purpose  of  compelling  the  conveyance;  and 
we  had  a  lot  of  law  on  specific  performance,  and  under  what  circum- 
stances that  must  be  enforced. 

Now  that  was  another  line.  Then,  when  the  conveyance  was  event- 
ually had,  the  question  became  important  as  to  what  apex  rights  were 
obtained  by  reason  of  the  peculiar  provision  of  the  instrmnent  of  convey- 
ance, and  when  the  case  was  tried  out  upon  the  ordinary  law  of  apex  con- 
troversies, it  went  to  the  Supreme  Court  of  the  United  States,  which  held 
that  by  virtue  of  the  peculiar  language  and  provisions  of  that  deed  of 
conveyance,  the  rules  of  law  applied  by  the  lower  court  were  not  correct; 
and  the  case  was  reversed  and  sent  back  for  another  trial. 
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Now,  there  was  no  question  of  apex  right  at  all.  That  is  to  say, 
the  law  applicable  to  apex  rights  was  considered  settled.  So  that  nobody 
upon  the  merest  reflection  should  be  bound  to  adopt  the  conclusion  that 
the  amount  of  litigation  is  to  be  determined  by  the  number  of  propositions 
upon  the  question  of  apex  rights. 

Next,  it  is  suggested  in  the  conclusions  arrived  at  by  Mr.  Shamel  that 
the  apex  law  should  be  more  clearly  defined,  with  the  aid  of  all  the  ad- 
judications made  by  the  courts  under  varying  and  conflicting  conditions 
during  the  past  40  years,  and  when  so  defined,  and  its  boundaries  fairly 
well  fixed,  litigation  will  to  a  large  extent  disappear.  I  think  that  is 
entirely  impracticable.  The  fact  about  that  matter  is  that  we  are  con- 
fronted with  exactly  the  same  difficulty  in  legislation  concerning  amend- 
ments to  the  Sherman  Anti-trust  law.  It  is  claimed  by  many  people  that 
now  it  is  possible  to  fix  definitely  by  bounds  the  things  which  would 
constitute  a  violation  of  that  law.  But  the  trouble  lied  in  the  new  methods 
of  arriving  at  the  results  which  were  intended  to  be  obviated  by  that  law; 
and  as  a  result  many  practices  which  should  be  condemned  will  escape 
and  be  considered  l^itimate.  So  it  is  a  rather  difficult  kind  of  a  task  to 
attempt  to  elaborate  the  deQnition  of  the  apex  anal  eliminate  litigation 
in  the  future.  Indeed,  I  would  be  afraid  that  course  would  give  rise  to 
no  end  of  litigation.  Every  provision,  every  clause,  would  then  become 
the  subject  of  renewed  litigation,  and  the  question  would  arise  whether 
by  reason  of  the  peculiar  language  it  was  intended  to  abandon  some  of 
the  principles^ which  had  been  theretofore  abandoned  as  being  unjust. 
So,  I  think  you  would  breed  rather  than  obviate  litigation  by  any 
such  provision. 

Then,  Mr.  President,  I  do  not  think  the  suggestion  that  these  ques- 
tions should  be  transferred  from  the  courts  to  the  Department  of  the 
Interior  could  ever  have  been  suggested  by  any  man  who  knows  the 
temper  of  the  Western  people,  who  are  most  interested  in  this  matter. 
Indeed,  we  have  always  maintained  that  the  best  feature  of  our  mining 
law  is  that  which  throws  into  the  local  courts  conflicts  arising  between 
conflicting  interests,  rather  than  have  the  crude  methods  pursued  in  the 
Land  Office  and  other  departments  of  the  government  applied  to  the 
decision  of  such  matters. 

And  I  undertake  to  say  that  imless  the  whole  law  is  changed  it  will  be 
impossible  to  compel  the  litigant  to  abandon  his  rights  in  court  and  trust 
them  to  the  arbitrament  of  even  the  distinguished  gentlemen  at  the  head 
of  the  Geological  Survey.  I  do  not  know  why  anybody  should  want  to 
transfer  a  controversy  between  me  and  my  neighbor,  if  a  controversy 
should  arise  between  us,  in  respect  to  the  apex  of  a  vein — why  the 
determination  of  that  controversy  should  be'  transferred  from  the  vicinity 
where  it  arises,  into  some  government  bureau  in  the  city  of  Washington. 
Nor  do  I  understand  why  it  should  be  determined  there,  rather  than  be- 
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fore  a  judge  out  in  the  mining  country  who  has  made  it  a  duty  to  be  ad- 
vised concerning  mining  law  and  mining  business;  and  tried  before  a 
jury  that  has  imbibed  more  or  less  mining  law  knowledge  by  reason  of 
long  residence  in  the  vicinity  where  such  questions  are  constantly 
arising. 

I  do  not  mean  at  all  by  anything  said  in  the  beginning  that  I  do  not 
agree  with  the  conclusions  at  which  Mr.  Goodale  arrives,  that  perhaps 
this  is  the  time  for  the  abolition  of  the  apex  law. 

Charles  H.  Shamel  (communication  to  the  Secretary*). — I  have 
been  favored  by  the  Secretary  with  a  copy  of  the  stenographic 
report  of  the  discussion  relating  to  my  paper  on  the  apex  law. 
This  report,  however,  is  plainly  so  defective  that  I  can  only  be  sure  of 
the  general  drift  of  the  remarks  of  the  speakers.  Dr.  Raymond  is  mis- 
taken in  thinking  mpr  paper  especially  directed  at  his  former  utterances. 
My  argument  was  based  on  the  origin  of  law  in  general  from  custom  and 
the  undesirability  of  reversing  legal  rules  founded  on  custom.  Dr. 
Raymond  says  that  the  apex  law,  instead  of  being  founded  on  previous 
custom,  was  absolutely  revolutionary  in  character.  As  nearly  as  I  can 
understand  him  froid  said  report,  he  bases  -this  assertion  on  the  allied 
fact  that  before  1872  no  one  had  ever  heard  of  the  "apex;"  nobody  knew 
what  it  meant.  This  is  a  mere  play  on  the  mathematical  deJBnition  of 
the  word.  The  fundamental  principle  of  the  so-called  apex  law— that  is, 
the  right  of  the  discoverer  to  follow  a  dipping  vein  wherever  it  might  go 
without  regard  to  surface  boundary  lines — had  been  known  and  practiced 
generally  in  the  precious-metal  mining  districts  of  the  United  States 
ever  since  such  mining  began  after  the  great  California  gold  discoveries 
of  '49.  This  is  proved  beyond  any  doubt  by  the  quotations  I  gave  in  my 
article  and  by  the  collection  of  the  local  district  rules  and  regulations 
previous  to  1872  made  by  Clarence  King  for  the  10th  census. 

Because,  in  the  law  of  1872,  the  word  "apex"  was  used  in  a  statute  for 
possibly  the  first  time  in  an  effort  to  render  the  principle  definite  and  pre- 
cise does  not  render  the  principle  new.  Such  argument  is  mere  verbal 
dialectic  and  indicates  there  is  nothing  more  substantial  to  offer  against 
this  argument  for  the  apex  law 

I  submit  that  the  position  is  still  unshaken  that  the  apex  law,  being 
founded  on  previous  general  customs  of  the  precious-metal-mining 
districts  (to  which  alone  it  applies),  should  not  be  abrogated  and  the 
contrary  rule  adopted.  It  is  not  maintained  that  conditions  have 
materially  altered  except  perhaps  by  the  entry  of  "Big  Business"  into 
the  mining  industry.  No  one  has  ever  suggested  that  the  prospectors 
and  mine  operators  originating  from  them  are  not  practically  unanimous 
in  favor  of  the  apex  law.     These  are  the  "people;''  they  are  the  repre- 
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sentatives  of  the  nation  in  relation  to  the  mining  industry;  their  customs 
alone  originate  law,  their  wishes  should  control  the  provisions  of  the 
statute. 

There  is  no  merit  in  the  objection  that  the  number  of  apex  syllabuses 
does  not  represent  the  proportion  of  apex  litigation.  The  apex  question 
was  just  as  often  subordinate  in  cases  chiefly  contested  on  other  sections 
of  the  mining  laws  as  such  other  questions. were  subordinate  in  cases 
turning  chiefly  on  the  apex  provision.  In  modern  times  these  syllabuses 
form  a  very  carefully  prepared  and  accurate  abstract  of  everything  in  a 
court  decision,  with  a  separate  paragraph  for  each  contested  question  or 
point  in  the  case.  There  is  no  better  way  than  this  practicable  to  esti- 
mate the  relative  amounts  of  litigation  r^arding  different  legal  questions. 
Wherever  the  apex  law  was  involved  in  a  decision  it  appears  in  the 
syllabuses.  This  method  is  infinitely  more  trustworthy  than  the  mere 
impressions  of  any  man,  however  experienced  he  may  be,  for  such  im- 
pressions are  formed  only  by  each  individual's  personal  experiences,  which 
are  wholly  accidental  with  reference  to  the  whole  field  of  mining  litiga- 
tion. The  confused  and  erroneous  ideas  so  widely  prevailing  concerning 
the  apex  law  are  well  illustrated  by  the  member  who,  in  the  discussion,  re- 
ferred to  it  as  in  force  in  Michigan.  That  State  was  never,  at  any  time, 
subject  thereto.  The  statement  that  the  U.  S.  Supreme  Court  evades  de- 
ciding the  main  questions  in  cases  is  another  striking  illustration  of  the 
desperate  straits  of  the  opponents  of  the  apex  law  and  of  the  lack  of  valid 
argument  against  it.  I  am  still  satisfied  that  counting  the  syllabuses  is 
as  fair  and  accurate  a  way  as  can  be  devised  for  determining  the  propor- 
tion of  apex  litigation  and  that,  in  truth  and  in  fact,  the  apex  section  of 
the  mining  statute  has  caused  less  than  its  proportionate  share  of  mining 
litigation  and  therefore  should  not  be  abrogated  on  account  of  causing 
excessive  litigation. 

What  I  proposed  as  to  a  new  way  of  granting  apex  rights  and  possibly 
of  deciding  some  apex  controversies  was  merely  a  suggestion  for  starting 
discussion.  I  am  not,  however,  convinced  by  what  the  able  and  ex- 
perienced Senator  from  Montana  has  said  that  some  such  plan  would  not 
be  an  improvement  over  the  present  method.  Also  I  did  not  mean  to 
suggest  that  such  grant  or  contest  should  be  made  at  or  conducted  in  Wash- 
ington, D.  C,  but,  on  the  contrary,  would  provide  that  the  hearings  be  had 
in  the  locality,  with  an  inspection  of  the  property  by  the  board  of  experts. 

I  have  always  recognized  that  there  were  diflSculties  in  the  adminis- 
tration of  the  apex  law,  but  these  exist  in  relation  to  the  other  and  un- 
attacked  provisions  of  the  mining  law  in  even  greater  degree,  as  the  facts 
I  have  adduced  seem  to  me  to  prove  conclusively.  These  facts  have  not 
been  disproved  or  explained  away  by  anything  in  this  discussion.  The 
law  is  just  in  principle.  Therefore  I  still  maintain  that  it  would  be 
economically  inexpedient  and  ethically  unjust  now  to  repeal  the  apex  law. 
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The  Apex  Law  in  the  Drumlummon  Controversy 

BT  CHABLES  W.  GOODALB,  BUTTB,  MONT. 
(New  York  Meeting.  February,  1914) 

The  principles  and  theory  on  which  the  U.  S.  mining  law  of  1872 
was  based  are  well  understood,  and  have  been  discussed  at  great  length 
by  many  writers.  The  papers  by  Dr.  R.  W.  Raymond^  in  the  Trans- 
actions of  the  American  Institute  of  Mining  Engineers  have  covered  the 
subject  very  fully,  with  explanations  of  practical  results  in  many  ad- 
judicated cases.  It  is  believed  that  the  following  instance  of  the  ap- 
plication of  the  law  in  recent  years  will  have  some  weight  in  a  discussion 
of  proposed  changes  in  our  mining  laws. 

The  litigation  between  the  St.  Louis  Mining  &  Milling  Co.,  and  the 
Montana  Mining  Co.,  Ltd.,  a  British  corporation,  over  portions  of  the 
Drumlummon  lode  covered  more  than  20  years,  and  resulted  in  a  judg- 
ment for  damages  in  favor  of  the  St.  Louis  Co.  of  such  an  amount  that 
the  Montana  Co.  declined  to  pay  the  judgment,  and  therefore  lost  the  en- 
tire property. 

The  Drumlummon  lode  claim  in  the  Marysville  district,  Mont.^  was 
located  in  1876  by  Thomas  Cruse.  When  he  staked  out  his  claim,  he 
assumed  that  the  discovery  on  the  Drumlummon  vein,  and  another 
showing  of  mineral  about  200  ft.  distant,  were  on  the  same  vein,  and  the 
center  line  of  the  claim  was  given  a  course  of  N.  57  J**  E.  Development  of 
the  Drumlummon  vein  soon  showed  that  its  strike  was  about  N.  15^  E., 
and  that  the  other  outcrop  was  on  the  North  Star  lode;  so  it  was  inevit- 
able that  the  Drumlummon  vein  would  cross  one  or  both  side  lines  of  the 
location,  and  the  Montana  Co.  found  it  advisable  to  acquire  adjoining 
claims  on  both  sides  of  the  Drumlummon,  in  order  to  avoid  possible 
litigation  over  apex  rights.  They  bought  the  Marble  Heart,  but  would 
not  purchase  the  Hopeful  (see  Figs.  1  and  2),  at  the  terms  proposed  for 
the  reason  that  exploration  in  the  Cruse  level  had  shown  the  vein  to  be 
barren  in  that  region.  The  owners  of  the  Hopeful  were  sinking  an  incline 
from  that  claim  in  1889,  and  the  Montana  Co.  enjoined  them,  contending 

1  The  Law  of  the  Apex,  Trans.,  xii,  387  (1883-84). 
The  Law  of  the  Apex,  Appendix,  Trans,,  xii,  677  (1883-84). 
Lode-locatioDB,  Trans,,  xv,  272  (1886-87). 

End-lines  and  Side-lines  in  the  U.  8.  Mining  Law,  Trans.,  xvii,  787  (1888-89). 
Imaginary  Boundaries,  Trans,,  xviii,  182  (1889-90). 
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that  owing  to  the  triangtilar  form  of  their  location,  they  had  no  extra- 
lateral  rights.  When  the  cause  was  heard  by  Judge  Knowles  in  the  U.  S. 
District  Court  in  Helena  in  June,  1890,  he  supported  the  contention  of 
the  plaintifif,  and  no  appeal  was  taken,  because  it  was  found  that  the 


Fig.  1. — The  DRUMLtiMMON  and  Surboundikq  Lode  Claims. 

portion  of  the  Drumlummon  vein  in  controversy  was  not  of  sufficient 
value  to  justify  further  litigation. 

Before  passing  to  other  matters  connected  with  the  litigation  an 
incident  of  the  Hopeful  fight  will  be  related.  When  the  shaft  had 
reached  a  depth  of  nearly  250  ft.,  the  owners  drilled  deeper  holes  than 
usual  in  the  bottom,  and  charged  them  heavily  with  powder,  believing 
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that  they  were  so  near  to  the  Cruse  level  that  the  holes  when  blasted 
would  make  an  opening  into  that  level.  Before  firing,  they  ran  up  the 
American  flag  as  a  signal  to  all  the  world  that  they  had  the  English 
company  "  dead  to  rights,"  and  would  soon  prove  the  extent  of  its  tres- 
pass. They  heard  the  shots  go  off,  but  as  no  smoke  came  up,  one  of  them 
went  down  to  investigate.  Hearing  nothing  from  him,  another  went 
down,  found  the  first  man  overcome  by  powder  fumes,  got  him  into  the 
bucket,  and  after  getting  in  himself,  signaled  to  hoist.  Before  the 
bucket  reached  the  surface,  he  also  became  unconscious,  and  what  was 
expected  to  be  a  triumph,  came  near  being  a  tragedy.  It  was  fortunate 
that  the  flag  did  not  have  to  be  lowered  to  half-mast. 

The  St.  Louis  claim  was  located  Sept.  28, 1878,  as  an  extension  of  the 
Drumlummon.  There  is  abundant  evidence  from  the  location  notice, 
and  from  other  facts,  that  its  side  lines  were  straight,  as  shown  by  dotted 
lines  on  Fig.  2;  but  the  discovery  vein  of  the  St.  Louis  proved  disappoint- 
ing when  opened,  and,  the  9-Hour  location  having  been  made  in  the  mean- 
time by  William  Robinson,  July  26, 1880,  on  a  promising  discovery  of  ore, 
the  St.  Louis  owners,  in  surveying  their  claim  for  patent  in  July,  1881, 
ran  their  lines  so  as  to  take  in  the  9-Hour  discovery.  When  Robinson 
objected,  they  made  angles  in  their  side  lines,  leaving  out  the  shaft,  but 
by  such  a  narrow  margin  (about  10  ft.),  that  when  they  applied  for  patent, 
he  put  in  an  adverse  claim.  On  the  7th  of  March,  1884,  he  was  induced 
to  withdraw  his  suit,  the  St.  Louis  owners  agreeing  to  convey  to  him,  on 
the  issuance  of  their  patent,  a  portion  of  the  ground  described  as  follows: 

"Commencing  at  a  point  from  which  the  center  of  the  discovery  shaft  of  the 
Nine-Hour  lode  bears  south  39  degrees  32  minutes  east,  said  course  being  at  right 
angles  to  the  boundary  line  of  the  St.  Louis  lode,  between  comers  2  and  3,  fifty  feet 
distant,  thence  north  50  degrees  28  minutes  east  on  a  line  paraUel  to  the  aforesaid 
boundary  line  of  the  St.  Louis  lode  claim,  between  comers  2  and  3,  226  feet  to  a  point 
on  the  boundary  line  of  the  St.  Louis  lode  between  comers  1  and  2;  thence  south  20 
degrees  28  minutes  west  along  said  boundary  between  comers  1  and  2,  60.5  feet  to 
comer  No.  2  of  St.  Louis  lode;  thence  400.31  feet  to  comer  No.  3  of  St.  Louis  lode; 
thence  north  46  degrees  10  minutes  west  along  the  line  of  boundary  of  St.  Louis  lode, 
between  comers  3  and  4,  30  feet  to  a  point;  thence  north  50  degrees  28  minutes  east 
along  a  line  parallel  to  the  boundary  line  of  St.  Louis  lode,  between  comers  2  and  3, 
230  feet  to  the  point  of  beginning,  including  an  area  of  about  12,844.50  square  feet 
together  with  aU  mineral  therein  contained" 

As  this  would  have  the  effect  of  moving  the  St.  Louis  line  40  ft.  farther 
away  from  his  discovery,  he  felt  secure  in  his  mineral  rights  to  the  9- 
Hour  vein.  The  territory  covered  by  this  contract  was  known  through  all 
the  years  of  subsequent  litigation  as  the  "Compromise  Strip."  (See 
Fig.  2.)  The  locator  had  only  developed  the  property  to  a  limited  extent, 
when  he  sold  it  to  the  Montana  Co. 

Going  back  now  to  the  beginning  of  the  litigation  with  the  St.  Louis 
M.  &  M.  Co. — a  suit  was  started  on  Oct.  14,  1890,  by  that  company 
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^'^  ^ /2,000,000  damages.    An 
OT.^  ^.  '-'^  S*^^  claim  to  a  depth  of  about 

^'  '',,.  >f;S  Montana  Co.'s  workings,  as  it 
,r.'^<''"i^i1jbeea  driven  several  hundred  feet 
-  ■.  A^^'f^'fiC,  and  into  the  Marble  Heart  clami. 
-"-^^i'^^j^^'^possible  to  the  side  line  of  the  St. 
•  '•  V-"^  P^'^S''  "^e  known  dip  of  the  Drumlummon  vem. 
-:-/>/^>»^I^rted  that  it  was  sunk  on  the  foot^wall 
'^-  -::^<^^    which,    they  said,  entered  the  St.  I^v^ 
':::^'^-<^u<'',in^with  a  width  of  about  70  ft.,  varymg  from  that 
;*/.^  S'S^^rcourse  southerly;  and  they  claimed  the  JubU^ 
ci"-'i'if^  1o%  shoots  in  virtue  of  apex  rights  to  wt-c^  they 
^  "TJ^^  TL  alleged  fact  that  they  had  the  foot-waU  in  the  St. 
<2Si^,5f4ing-waU  being  in  a  junior  location,  the  Marble 
rS^*'""  2e  c^e  on  for  trial  AprU  17,  1893,  in  the  U.  S.  District 

^S-  s  r-d  fi-  --1- 1**«^'  *^«  ^^  «*^^  "^  "''^^''*  ?  !rrth« 

Caurt  in  J^'  thus  supporting  its  geologists  in  their  statement  that  the 

*"«  '^l^mon  in  its  apex  through  the  region  in  question  was  a  narrow 

-^'■"'"^"ficeeding  3  ft.  in  width,  existing  between  two  weU-defined 

^*'» '  «nd  with  a  distinctive  barren  fiUing.    The  nature  of  this  van 

^    i^Jis  shown  below,  where  also  will  be  found  a  partial  analysis  of  the 

"*  uritry  slate  or  homstone.  both  within  the  wide  vein  as  claimed  by  the 

intiff's  geologists  (A),  and  outside  of  it  (B). 
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It  will  be  seen  there  is  very  little  diflference  in  the  composition  of 

-fc  lio    two  samples  of  homstone;  but  the  plaintiff  insisted  that  what  the 

cic3f  endant  called  the  whole  vein,  was  oiJy  the  hanging-wall  gouge,  and 

,t  the  rock  between  this  and  the  plaintiflF's  alleged  foot-wall,  Irom  30 

70  ft.  distant,  was  "broken,  brecciated,  recemented  vein  matter." 

_      e  defendant  pointed  to  many  places  where  the  stratification  planes  of 

-fche  slate  were  strongly  in  evidence,  and  asserted  that  wherever  they  were 

irx  distinct  this  condition  could  be  explained  by  their  proximity  to  the 

contact  with  diorite. 

The  plaintiff  was  undoubtedly  influenced  in  his  exaggerated  claim 
for  52,000,000  by  the  name,  "The  Jubilee,"  given  to  the  ore  shoot  in 
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controversy  by  the  defendant.  The  name  might  have  implied  that  the 
ore  was  of  extraordinary  richnesSi  but  it  was  in  fact  based  upon  the 
incident  that  it  was  discovered  June  21,  1887,  the  day  when  all  English- 
men were  celebrating  the  Golden  Jubilee  of  Queen  Victoria,  the  fiftieth 
anniversary  of  her  accession  to  the  throne. 

A  second  suit,  based  upon  the  same  facts  as  in  the  case  just  mentioned, 
but  covering  a  later  period,  was  dropped. 

And  now  we  come  to  another  chapter  of  the  war  between  the  two 
companies,  the  battle  ground  being  shifted  to  the  extreme  south  end  of 
the  mine.     (See  Fig.  3.) 

After  the  purchase  of  the  9-Hour  claim,  the  Montana  Co.  began 
active  exploration  of  the  ground  both  in  the  discovery  shaft  and  in  deep 
levels.  By  the  summer  of  1893  developments  had  shown  that  the  vein 
would  cross  the  east  side  line  of  the  St.  Louis  claim  as  patented;  and  on 
June  19,  1893,  the  St.  Louis  Co.  commenced  an  action  to  restrain  the 
Montana  Co.  from  working  any  part  of  the  vein,  the  apex  of  which  was  in 
the  St.  Louis  claim  as  patented,  and  for  $10,000  damages,  for  ore  extracted 
within  the  boundaries  of  the  compromise  ground.  A  temporary  order 
was  issued,  restraining  the  Montana  Co.  from  sinking  its  apex  shaft 
upon  the  compromise  ground  near  the  boundary  between  that  ground 
and  the  9-Hour  claim.  The  case  was  removed  to  the  Federal  Court,  where 
a  new  complaint  was  filed  Sept.  16,  1893,  claiming  $200,000  damages  for 
the  ore  then  extracted.  For  100  ft.  or  more  along  the  surface,  and  to  a 
depth  of  about  50  ft.,  the  ore  was  richer  than  had  been  found  in  any  other 
workings  of  the  Drumlummon  vein;  and  the  fight  for  its  possession  became 
very  bitter.  The  Montana  Co.  claimed  the  ground  in  controversy  by 
virtue  of  the  agreement  to  convey  the  compromise  groimd.  The  action 
being  in  the  Federal  Court,  it  could  not  maintain  its  right  without  the 
full  legal  title  to  the  ground,  and  thereupon  it  commenced  an  action  to 
compel  the  St.  Louis  Co.  to  deed  to  it  the  compromise  ground,  in  accord- 
ance with  the  agreement  which  had  been  entered  into  with  Robinson  and 
his  associates.  Pending  the  proceedings  in  this  ''specific-performance 
suit,"  the  proceedings  in  the  Federal  Court  were  suspended.  The 
specific-performance  suit  dragged  its  length  along  until  the  year  1898, 
when  the  Supreme  Court  of  the  United  States  affirmed  the  decision  of  the 
State  District  and  Supreme  Courts,  requiring  the  St.  Louis  Co.  to  convey 
the  compromise  ground  in  accordance  with  its  agreement,  which  was 
done,  and  a  deed  was  executed  July  1,  1898,  embodying  the  description 
as  hereinbefore  set  forth. 

The  patent  of  the  St.  Louis  claim  was  issued  in  July,  1887,  and  William 
Robinson,  or  his  successor  in  interest,  the  Montana  Co.,  should  have 
received  a  deed  promptly,  but  it  was  only  given  after  eleven  years  of 
annoying  and  expensive  litigation. 

In  November,  1898,  the  St.  Louis  Co.  filed  its  first  amended  complaint 
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in  the  Umted  States  Circuit  Court,  claiming  the  right  to  the  ores  beneaPt 
the  amipromiee  ground  by  virtue  of  ita  ownership  of  the  apex  of  the  vein 
within  the  limits  of  the  St.  Louis  claim,  wholly  outside  of  the  compromise 
ground,  from  a  point  on  the  east  side  line  of  the  St.  Louis  claim  between 
corners  Nos.  1  and  2,  520  ft.  distant  from  c<Hner  No.  1  of  the  St.  Loius 
claim  to  a  point  on  the  west  side  line  of  the  compromise  strip  distant  108  ft. 
from  the  intersection  of  the  west  side  line  of  the  compromise  ground  with 


Fia.  3. — Workings  in  St.  Lodib  and  9-Hodb  Locations. 

the  east  side  line  of  the  St.  Louis  claim,  running  from  cornas  Noa.  1  and  2, 
where  the  hanging-wall  of  the  vein  began  to  cross  from  the  St.  Louis 
ground  into  the  compromise  ground,  and  for  an  additional  portion  of  the 
said  vein  for  a  distance  of  25  feet  to  the  point  where  the  foot-wall  of  the 
vein  passed  out  of  the  east  side  line  of  the  St.  Louis  lode  claim  into  the 
compromise  ground.    These  points  of  departure  of  the  hanging-wall  and 
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foot-wall  from  the  St.  Louis  ground  into  the  compromise  ground  became 
known  as  the  108-ft.  and  the  133-ft.  planes. 

The  case  was  not  reached  for  trial  until  1899.  On  June  24,  1899, 
shortly  before  the  commencement  of  the  trial,  the  plaintiff  amended  its 
complaint,  alleging  that  since  the  filing  of  the  original  complaint  and  up 
to  and  including  the  time  of  the  filing  of  the  second  amended  complaint, 
the  defendant  had  extracted  an  additional  amount  of  ore  of  the  value  of 
S400,000,  making  the  total  damages  claimed  $600,000.  The  trial  was 
had  before  Judge  Knowles  in  the  U.  S.  Circuit  Court  in  August,  1899,  and 
resulted  in  a  verdict  for  the  plaintiff  in  the  sum  of  $23,209  for  ore  extracted 
north  of  the  108-ft.  plane,  or  from  a  vein  which  had  its  apex  entirely 
within  the  St.  Louis  claim  outside  of  the  compromise  ground.  The  Dis- 
trict Judge  held  that  in  order  to  entitle  the  plaintiff  to  recover  it  must 
have  within  its  own  surface  lines  the  entire  apex  of  the  vein  from  which  the 
ore  was  extracted.  Both  parties  sued  out  writs  of  error,  the  St.  Louis  Co. 
upon  the  ground  that  it  was  entitled  to  the  ore  within  the  vein  to  the  ex- 
tent that  it  had  any  of  the  apex  within  its  surface  lines,  and  the  Montana 
Co.  on  the  ground  that  the  deed  conveyed  to  it  all  of  the  mineral  beneath 
the  compromise  ground,  and  that  as  the  verdict  embraced  damages 
only  for  ores  extracted  from  beneath  the  compromise  ground,  it  was 
entitled  to  a  judgment.  The  Circuit  Court  of  Appeals  reversed  the 
case  on  the  St.  Louis  Co.'s  writ  of  error,  holding  that  that  company, 
as  the  owner  of  the  senior  location,  was  entitled  to  recover  to  the  extent 
that  it  had  any  of  the  apex  within  the  surface  of  its  ground,  and  affirmed 
the  judgment  to  the  extent  of  $23,209,  overruling  the  Montana  Co.'s 
contention  that  the  deed  conveyed  the  ore  beneath  the  compromise 
ground,  where  such  ore  was  found  in  a  vein  apexing  partly  or  wholly 
outside  of  the  deeded  ground.  This  action  of  the  Court  of  Appeals  was 
reversed  by  the  Supreme  Court  of  the  United  States  on  writs  of  error 
sued  out  by  the  Montana  Co. ;  and  that  court  held  that  the  reversal  of  the 
judgment  of  the  Circuit  Court  as  to  one  portion  of  the  case  reversed  the 
entire  case,  and  remanded  the  case  to  the  Circuit  Court  for  a  new  trial, 
without  deciding  any  of  the  points  in  controversy. 

The  case  was  again  tried  in  the  Circuit  Court  in  Helena,  before  Judge 
Hunt,  District  Judge,  sitting  as  a  Circuit  Judge,  in  May  and  June,  1905. 
Judge  Hunt,  following  the  ruling  of  the  Circuit  Court  of  Appeals,  held 
that  the  plaintiff  was  entitled  to  recover  for  the  ores  extracted  between 
the  520-ft.  and  the  133-ft.  planes,  and  a  verdict  was  rendered  in  the  sum  of 
$195,000.  Writs  of  error  were  again  sued  out,  and  the  case  was  reviewed 
by  the  Circuit  Court  of  Appeals.  It  then  went  to  the  Supreme  Court 
of  the  United  States,  which,  on  Jan.  14, 1907  (204  U.  S.  204),  rendered  its 
opinion  that  the  deed  to  the  compromise  ground  conveyed  all  of  the  min- 
eral beneath  the  compromise  ground.  As  the  decision  of  that  point  might 
end  the  litigation,  none  of  the  other  questions  were  directly  passed  upon. 
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But  in  his  opinion,  Mr.  Justice  Brewer  raised,  for  the  first  time,  the  sug- 
gestion that  the  deed  to  the  compromise  ground  carved  out  a  section  from 
the  vein. 

When  the  mandate  was  filed  in  the  Circuit  Court,  the  Montana  Co. 
moved  to  dissolve  the  injunction,  which  had  been  granted  at  the  time  of 
filing  the  original  complaint,  restraining  it  from  extracting  ores  beneath 
the  compromise  ground,  basing  its  motion  upon  the  decision  of  the 
Supreme  Court  of  the  United  States  that  the  deed  to  the  compromise 
ground  conveyed  to  the  Montana  Co.  all  of  the  ores  beneath  its  surface. 
On  March  30,  1907,  Judge  Hunt,  District  Judge,  sitting  as  a  Circuit 
Judge,  granted  the  defendant's  motion  and  dissolved  the  injunction. 
The  St.  Louis  Co.  then  applied  to  the  Supreme  Court  of  the  United  States 
for  a  modification  or  an  explanation  of  its  opinion  relative  to  the  con- 
struction of  the  deed,  but  the  Supreme  Court  denied  the  application, 
without  any  further  opinion.  The  St.  Louis  Co.  then,  on  Aug.  28,  1907, 
made  an  application  for  leave  to  amend  its  complaint,  so  as  t-o  claim  dam- 
ages for  ores  extracted  from  the  vein  on  its  dip  after  it  had  passed  through 
the  compromise  ground,  placing  its  damages  at  $500,000  for  ores  extracted 
from  that  portion  of  the  vein  on  or  about  the  30th  day  of  June,  1893,  and 
for  $500,000  for  ores  extracted  from  that  portion  of  the  vein  between 
June  30,  1893,  and  the  date  of  tendering  this  amended  complaint.  It 
also  alleged  that  the  foot-wall  of  the  vein  was  at  all  points  either  in  the 
compromise  strip  or  the  St.  Louis  claim,  and  passed  out  at  some  indefinite 
point  across  the  south  end  line  of  the  St.  Louis  claim  as  patented;  the 
contention  of  counsel  for  the  St.  Louis  Co.  being  that  under  the  Supreme 
Coiirt  decision,  the  St.  Louis  Co.  owned  all  ore  in  the  vein  after  it  had 
departed  from  the  compromise  ground  on  its  dip,  so  long  as  any  part  of 
the  apex  of  the  vein  lay  within  either  the  compromise  strip  or  the  St. 
Louis  claim. 

This  proposed  amended  complaint  not  only  extended  the  surface 
area  in  which  was  embraced  the  apex  of  the  vein  from  which  the  ore  was 
alleged  to  have  been  extracted,  but  carried  the  place  of  trespass  into  the 
depth  of  the  mine  and  into  stopes  from  which,  many  years  before  the  filing 
of  this  amended  complaint,  ore  had  been  taken,  assumed  by  the  com- 
plainant to  be  of  the  same  high  value  as  that  taken  from  the  compromise 
ground  near  the  surface.  The  proposed  amended  complaint  also  set 
forth  the  fact  that  the  Montana  Co.  had  worked  out  the  remaining  veins 
belonging  to  it,  had  ceased  its  operations  in  Montana,  and  was  in  an  insol- 
vent condition,  having  no  property  within  the  jurisdiction  of  the  Court, 
except  th^  practically  dismantled  mining  plant.  The  plaintiff  asked  for 
an  injunction  on  the  equity  side  of  the  court,  restraining  the  Montana  Co. 
from  mining  upon  the  compromise  ground,  notwithstanding  the  decision 
of  the  Supreme  Court  of  the  United  States  that  the  ore  beneath  that 
ground  belonged  to  the  Montana  Co.,  basing  its  right  to  an  injunction 
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upoD  the  allegation  of  insolvency  and  inability  of  the  Montana- Co.  to 
respond  in  damages  in  the  event  that  the  St.  Louis  Co.  recovered  judg- 
ment; and  that  the  St.  Louis  Co.  must  necessarily  recover  judgment  in 
some  amount,  because  the  portion  of  the  vein  from  which  the  ores  had 
been  extracted  was,  by  the  decision  of  the  Supreme  Court,  awarded  to  the 
St.  Louis  Co. 

This  construction  of  the  decision  of  the  Supreme  Court  was  assailed 
by  the  attorneys  for  the  Montana  Co.  upon  the  ground  that  the  declara- 
tion of  Mr.  Justice  Brewer  in  the  opinion  of  the  Supreme  Court,  that  the 
effect  of  the  compromise  deed  was  to  carve  out  a  section  of  the  vein, 
leaving  the  remaining  portion  unconveyed,  referred  only  to  the  portion  of 
the  vein  on  its  dip  where  all  or  a  part  of  its  apex  lay  within  the  St.  Louis 
claim,  and  had  no  reference  to  the  vein  after  its  apex  had  wholly  passed 
into  the  compromise  strip,  and  that  the  Supreme  Court  by  its  refusal  to 
modify  or  amend  its  mandate  had  practically  so  determined.  Objection 
was  also  made  to  the  filing  of  this  amended  complaint  upon  the  ground 
that  by  removing  the  point  of  departure  of  the  foot-wall  from  the  133-ft. 
plane  to  the  south  end  line  of  the  St.  Louis  claim,  there  was  brought  into 
the  litigation  a  trespass  upon  an  area  of  ground  not  embraced  in  the  origi- 
nal groimd,  and  that,  £is  to  that  portion  of  the  damages  claimed,  the  stat- 
ute of  limitations  had  barred  recovery.  These  contentions  were  finally 
overruled  by  the  Circuit  Court,  and  on  Dec.  2,  1907,  leave  was  given 
to  file  the  third  amended  complaint.  The  defendant  answered;  and  on 
Jan.  10,  1908,  Judge  Hunt  issued  an  injunction  restraining  the  Montana 
Co.  from  extracting  ores  from  beneath  the  compromise  strip  pending  the 
litigation.  This  injunction  was  unique  in  the  history  of  mining  litigation 
in  Montana,  in  that  it  restrained  the  Montana  Co.  from  extracting  ores 
from  the  portion  of  the  ground  awarded  to  it,  in  order  that  these  ores 
might  be  preserved  to  answer  any  judgment  which  might  be  recovered 
against  the  Montana  Co.  for  trespass  upon  the  portion  of  the  vein  which, 
it  was  claimed,  the  Supreme  Court  had  awarded  to  the  St.  Louis  Co.  An 
appeal  to  review  this  action  of  Judge  Hunt  was  taken  to  the  Circuit  Court 
of  Appeals  for  the  Ninth  Circuit,  and  on  March  2,  1909,  the  action  of  the 
Circuit  Court  was  affirmed. 

The  case  then  came  on  for  trial  again  before  Judge  Hunt  in  1909, 
commencing  June  14  and  ending  August  11.  Before  and  during  the  trial, 
extensive  explorations  were  made  upon  the  surface  ground,  and  the  case 
was  bitterly  contested  by  the  experts  of  the  two  parties  as  to  the  location 
of  the  foot-wall.  At  the  close  of  the  testimony  on  behalf  of  the  Montana 
Co.,  the  St.  Louis  Co.  amended  its  third  amended  and  supplemental 
complaint  and  replication,  by  withdrawing  the  allegation  of  the  compro- 
mise ground  as  a  part  of  the  St.  Louis  claim,  and  substituting  in  lieu  thereof 
the  allegation,  contained  in  the  former  complaints,  that  the  compromise 
ground  was  and  always  had  been  a  part  of  the  9-Hour  claim.    The  com- 
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plaint  was  further  amended  by  alleging  that  the  apex  of  the  vein  in  con- 
troversy passed  entirely  into  the  compromise  ground  at  the  point  desig- 
nated as  the  268.6-ft.  plane.    This  amendment,  which  was  strenuously 
objected  to  by  counsel  for  defendant,  and  was  made  after  the  granting  of  a 
sweeping  injunction  upon  the  construction  of  the  Supreme  Court  decision, 
urged  by  the  St.  Louis  Co.'s  counsel,  and  after  defendant  had  been  com- 
pelled to  prepare  its  defense  of  the  cause  to  meet  such  legal  theory,  and 
after  all  of  the  evidence  in  chief  of  the  St.  Louis  Co.  had  been  introduced 
upon  this  theory — ^permitted  the  St.  Louis  Co.  to  make  a  complete  somer- 
sault in  its  legal  position,  and  seek  a  recovery  upon  new  allegations  of 
fact,  upon  which  it  confessedly  could  not  have  recovered  under  the  com- 
plaint as  it  stood  up  to  the  time  when  the  Montana  Co.  was  required  to 
present  its  evidence.    Under  the  pleadings  as  they  stood  up  to  this  time, 
a  portion  of  the  apex  of  all  the  vein  in  controversy  lay  within  the  com- 
promise strip,  and  the  compromise  strip  "was  and  always  had  been  a  part 
of  the  St,  Louis  claim,"  which  part  had  been  conveyed  to  the  predecessors 
of  the  Montana  Co.  by  a  conveyance  prior  to  that  by  which  the  remainder 
of  the  St.  Louis  claim  had  been  conveyed  by  the  same  grantors  to  the  St. 
Louis  Co.     Under  the  law  the  effect  of  the  first  deed — ^that  conveying  the 
compromise  strip — was  to  convey  all  of  the  vein  on  its  dip  so  long  as  any 
part  of  the  apex  lay  within  the  compromise  strip.    By  this  last  amend- 
ment, the  St.  Louis  Co.  was  permitted  to  take  the  position  that  the 
compromise  strip  "was  and  always  had  been  a  part  of  the  9-Hour 
claim,"  thus  presenting  a  question  of  rights  on  the  dip  of  a  vein,  the  apex 
of  which  was  divided  between  the  junior  9-Hour  claim  and  the  prior 
St.  Louis  location,  thereby  presenting  entirely  different  questions  both  of 
law  and  fact.    By  this  last  amendment,  the  controversy  was  narrowed 
down  to  the  question,  whether  the  foot-wall  passed  into  the  compromise 
ground  at  the  133-ft.  plane  or  at  a  point  farther  south,  designated  as  the 
268-ft.  plane.    The  jury  found  that  the  foot-wall  entered  the  compromise 
ground  at  the  133-ft.  plane  (as  contended  by  the  witnesses  of  the  Montana 
Co.,  who  maintained  that  the  apex  of  the  vein  was  only  about  10  ft. 
wide,  as  against  the  assertions  of  the  St.  Louis  witnesses  that  its  width 
was  55  ft.),  and  awarded  the  St.  Louis  Co.  damages  for  the  amount  of  ore 
extracted  from  the  vein  after  it  had  departed  from  the  compromise 
ground,  aggregating  1,912  tons,  valued  at  $237,470.40.    The  court  had 
instructed  the  jury  that  if  they  found  in  favor  of  the  plaintiff,  they  should 
include  in  their  verdict  interest  at  8  per  cent,  per  annum  on  the  value  of  the 
ore  extracted  in  1893.    As  nearly  16  years  had  elapsed,  the  interest 
amounted  to  considerably  more  than  the  value  of  the  ore.     From  the 
above  amount  was  deducted  the  value  of  218  tons  of  ore  taken  by  the  St. 
Louis  Co.  from  beneath  the  compromise  strip,  amounting  to  $34,341.38, 
including  interest — making  the  verdict  $203,129.02.     Upon  a  writ    of 
error  the  judgment  was  reviewed  by  the  Circuit  Court  of  Appeals,  where 
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it  was  afiirmed  (183  Fed.  61),  and  a  petition  for  a  writ  of  certiorari  was 
denied  by  the  Supreme  Court  of  the  United  States  on  March  6,  1911. 
The  Montana  Co.  decided  to  offer  no  further  resistance,  and  in  due  course 
the  property  was  sold  by  the  sheriff  to  the  plaintiff. 

In  the  foregoing  chroDol<%y  of  the  litigatioD  and  analysis  oS  court 
proceedings,  Messrs.  E.  C.  Day,  C.  F.  Kelley,  and  L.  0.  Evans  have 
kindly  given  the_writer  great  assistance. 


-i 


V/1A   P/ipoeCTIO'f 

Fia.  4. — LoNOiTUDiNAL  Pbojkctton  or  9-Hour  Woreinob. 

Reviewing  this  history,  we  find  that  the  litigation  in  its  various 
phases  required  in  the  aggregate  about  five  months  in  the  four  trials  on 
questions  of  fact,  and  that  it  reached  the  State  Supreme  Court  once,  the 
Circuit  Court  of  Appeals  five  times,  and  the  Supreme  Court  of  the  United 
States  four  times.  Furthamore,  much  time  was  occupied  by  the  courts 
in  many  preliminary  hearings. 

The  jury  by  their  verdict  showed  that  they  did  not  accept  the  wide- 
vein  theory  of  the  plaintiff,  for,  if  they  had  done  so,  they  would  have 
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awarded  him  damages  for  the  proceeds  of  31,592  tons  of  ore,  instead  of 
1,912,  which  was  about  the  amount  admitted  by  the  defendant  as  having 
been  extracted  by  it  under  its  own  surface,  but  from  that  part  of  the'  vein 
having  its  apex  partly  within  the  St.  Louis  claim,  west  of  the  compromise 
strip.  The  award  of  $237,470.40  must  have  placed  an  original  value  of 
about  $55  per  ton  on  the  ore.  Fig.  4  shows  the  extent  of  the  excavation 
made  by  the  Montana  Co.  north  of  the  133-ft.  plane  and  east  of  the  com- 
promise ground,  and  nearly  all  of  this  work  was  done  in  and  beyond  the 
extreme  northern  limits.of  the  pay  ore.  Many  samples  were  taken,  before 
the  trial,  from  the  ore  remaining  in  these  workings,  and  the  assays  were 
submitted  in  court,  giving  what  was  thought  to  be  ample  proof  that  the 
material  extracted  did  not  return  the  company  a  profit  of  $15  per  ton. 
Samples  had  also  been  taken  as  the  work  progressed;  but  the  samplers  and 
assayers  of  that  time  were  either  dead  or  out  of  reach,  and  the  company 
could  not  prove  its  records  by  personal  testimony.  Furthermore,  believ- 
ing fully  in  the  validity  of  its  title  to  the  compromise  ground  and  to  all 
the  mineral  therein  contained,  and  that  no  adverse  rights  could  be  suc- 
cessfully claimed  beyond  this  strip  and  within  the  9-Hour  location,  as 
patented,  the  defendant  had  not  taken  the  precaution  to  rim  the  ore  in 
question  through  the  mills  by  itself,  thereby  placing  on  record  its  bullion 
yield.  Moreover,  there  was  a  metallurgical  advantage  in  working  it  with 
ore  from  other  parts  of  the  mine. 

The  advocates  and  defenders  of  our  mining  law  insist  that  in  no  way, 
except  by  giving  the  discoverer  of  a  vein  the  right  to  follow  it  on  its  dip 
under  adjoining  groimd,  can  he  realize  the  full  benefits  to  which  he  is 
entitled.  But  in  this  case,  the  plaintiff  was  not  suing  for  any  rights 
directly  pertaining  to  his  discovery  vein.  His  demands  were  based 
entirely  upon  an  incidental  vein,  the  existence  of  which  was  unknown  to 
him  when  he  made  the  St.  Louis  location;  and  this  vein  only  skimmed 
along  his  side  line.  Yet  the  grantees  of  the  actual  discoverer  of  the  lode 
in  question  finally  lost  the  entire  property  as  a  result  of  these  demands. 
With  no  development  along  the  vein,  the  strike  in  the  9-Hour  discovery 
led  the  locator  to  believe  that  in  compromising  with  the  St.  Louis,  he 
would  have  the  apex  of  the  lode  within  his  claim  from  end  to  end;  and, 
according  to  all  considerations  of  equity  and  justice,  the  worst  that  should 
have  happened  in  consequence  of  his  lack  of  knowledge  of  the  course  of 
the  vein,  should  have  been  the  loss  of  the  ore  included  within  the  vertical 
boundaries  of  the  St.  Louis  claim,  excluding  the  compromise  ground. 
But  what  happened?  By  the  application  of  the  apex  law,  he  was  deprived 
of  all  ore  in  the  vein  he  had  discovered  up  to  the  133-ft.  plane,  and  was 
adjudged  to  be  liable  in  damages  to  the  St.  Louis  Co.  for  more  than 
$200,000,  covering  1,912  tons  of  ore  which  he  had  extracted  from  under  his 
own  surface.  Furthermore,  if  the  jury  had  accepted  the  wide-vein  theory 
of  the  St.  Louis  witnesses,  and  had  given  it  extra-lateral  ownership  to  all 
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the  ore  up  to  the  26^ft.  plane,  the  9-Hoiir  locator  would  have  had  no 
rights  in  his  discovery  shaft,  and  would  have  been  a  trespasser,  and  liable 
in  damages,  when  he  took  a  little  sack  of  ore  from  there  to  the  assayer,  so 
that  he  could  support  the  affidavit  in  his  location  notice,  to  the  effect  that 
he  had  made  a  valid  discovery. 

Can  any  one  describe  an  instance  where  such  injustice  has  resulted  in 
the  operation  of  the  mining  laws  of  other  countries?  With  extra-lateral 
rights  abolished,  underground  rights  would  be  settled  quickly  on  mathe- 
matical planes  and  years  of  litigation,  with  attending  costs,  would  be 
avoided. 

Discussion 

Frederick  T.  Greene,  Butte,  Mont. — Mr.  Goodale's  very  excellent 
history  of  the  Drumlummon  litigation  educes  certain  reflections,  which, 
while  not  obviously  germane  to  his  subject,  are  allied  to  the  practical 
operation  of  mining  lawsuits. 

Most  apex  litigation  necessitates  many  intricate  problems  involving 
the  intersections  of  plane  surfaces  with  one  another.  A  very  simple 
problem  of  this  kind  is  indicated  in  Fig.  4.  The  vertical  plane  through 
the  St.  Louis  side  line  cuts  the  vein  and  the  line  of  intersection  is  repre- 
sented by  a  bent  line — ^bent,  because  there  is  a  change  in  the  dip  of  the 
vein  producing  a  like  change  in  the  line  of  intersection.  In  consequence, 
a  jury,  probably  composed  of  men  who  never  even  heard  of  descriptive 
geometry,  is  required  to  decide  £is  to  the  cubical  contents  of  this  irregular 
polyhedron.  In  this  particular  instance  the  necessary  knowledge  is  of 
the  simplest,  bu{  there  have  been  cases  in  which  the  question  of  damage 
involved  some  very  intricate  geometrical  problems.  In  the  solution  of 
such  problems  it  is  essential  that  the  ability  to  mentally  depict  the  three 
dimensions  of  a  body  in  their  proper  relations  be  invoked.  In  my  own 
experience  I  find  that  many  engineers  who  have  had  a  course  in  descrip- 
tive geometry  lack  the  power  to  correctly  place  the  third  dimension  in  its 
relation  to  the  other  two.  Now,  if  they  cannot  comprehend  a  problem 
involving  these  points  how  much  less  capable  must  be  the  average  juror. 
Nor  is  it  at  all  probable  that  the  average  District  Court  Judge  is  much 
more  successful  in  this  than  the  juror,  and  the  result  of  this  failure,  and 
of  the  fact  that  many  other  of  the  problems  involved  in  "apex  suits" 
are  likewise  incomprehensible  to  the  judge  or  juror,  is,  that  the  attitude 
assumed  by  both  judge  and  jury  becomes  that  of  a  referee  in  a  game;  the 
victory  goes  to  the  side  which  "plays  the  game"  according  to  the  rule 
which  appeals  to  that  particular  judge  or  set  of  jurors. 

Senator  Thomas  J.  Walsh,  Helena,  Mont. — I  should  point  out  the 
one  apex  proposition  which  was  determined  in  this  St.  Louis-Nine  Hour 
litigation. 
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There  ran  along  in  this  litigation  the  question  of  what  right  would 
exist  in  the  case  of  split  apex — that  is,  where  a  portion  of  the  apex  was 
within  one  claim  and  a  portion  within  another  claim.  That  question 
was  determined  in  another  case. 

In  Fig.  3  of  the  paper  you  will  see  illustrated  what  is  called  the  108-ft. 
plane  and  the  135-ft.  plane.  The  apex  of  the  vein  in  question  is  quite 
wide.  Going  now  to  the  upper  left-hand  corner,  you  will  observe  that 
coming  from  the  left  is  the  apex  of  the  vein.  It  reaches  the  Nine-Hour 
or  compromise  ground,  at  what  is  indicated  as  the  108-ft.  plane.  At  that 
point  it  begins  to  enter  the  comprromise  gound,  but  t  is  not  all  within 
the  compromise  ground  until  the  135-ft.  plane  is  reached. 

Now,  the  question  arose  as  to  where  the  rights  of  the  St.  Louis  Co. 
ceased — whether  its  rights  ceased  when  the  vein  first  began  to  enter  the 
compromise  ground  at  the  108-ft.  plane,  or  at  the  plane  at  which  it  was 
all  within  the  ground. 

Judge  Hiram  Knowles,  before  whom  it  was  tried,  a  judge  profoundly 
familiar  with  the  mining  law,  held  that  the  rights  of  the  St.  Louis  Co. 
ceased  at  the  108-ft.  plane.  That  is,  he  held  that  as  soon  as  any  portion 
of  the  vein  entered  the  compromise  ground,  the  line  parallel  to  the  end 
line  was  there  to  be  drawn  defining  the  extent  of  the  apex  right.  That 
view,  however,  was  reversed  by  the  Circuit  Court  of  Appeals,  which 
held  that  the  133-ft.  plane  bounded  the  extra-lateral  rights  (that,  by  the 
way,  should  be  133  in  place  of  135),  and  it  determined  the  proposition 
that  in  case  of  a  wide  apex  passing  from  one  claim  into  another  the  owner 
of  the  apex  could  take  all  of  the  vein  up  to  the  plane  which  marked  the 
most  extreme  point. 

R.  W.  Raymond,  New  York,  N.  Y. — Having  been  personally  engaged, 
as  expert  counsel  and  witness,  in  the  first  part  of  the  litigation  described 
by  Mr.  Goodale,  and  cognizant  of  its  later  stages,  I  desire  to  point  out 
briefly  some  of  its  more  important  features. 

1.  This  contest,  from  beginning  to  end,  was  waged  by  the  St.  Louis 
Co.  against  a  company  of  British  capitalists  who  had  purchased  the  prop- 
erty, and  invested  their  money  for  its  development,  in  entire  good  faith, 
and  who  never  undertook  to  do  more  than  defend  what  they  had  bought 
and  paid  for,  and  honestly  believed  that  they  owned.  That  this  com- 
pany, after  many  years  of  litigation,  was  finally  forced  to  submit  to  a 
practical  confiscation  of  its  supposed  property,  is  chargeable,  not  to  the 
action  of  its  adversaries,  who  doubtless  claimed  only  that  to  which  they 
thought  themselves  legally  entitled,  but  to  the  law  which  made  such 
conflicts  possible.  The  victims  of  the  law  in  this  case  were  those  who 
had  sedulously  sought  to  obey  it. 

2.  Mr.  Goodale  omits  to  mention  in  detail  a  number  of  interlocutory 
proceedings,  which  would  swell  the  aggregate  amount  of  the  litigation 
involved. 
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3.  This  litigation  involved  several  "leading  cases/'  in  which  the 
U.  S.  Supreme  Court  settled  important  questions  for  the  first  time.  But, 
before  mentioning  these,  I  would  call  attention  to  a  point  decided  in  the 
so-called  "Triangle"  case,'  and  not  appealed,  but  subsequently  decided 
in  the  opposite  sense  by  the  U.  S.  Supreme  Court  in  another  case.' 

The  latter  decision  set  up  a  novel  doctrine  as  to  the  nature  of  the  title 
of  a  possessory  owner  of  mineral  land  by  location.  The  statute  said 
that  such  locators  should  have  "the  exclusive  right  of  possession  and 
enjoyment  of  all  the  surface  included  within  the  lines  of  their  locations;" 
and  this  was  naturally  construed  by  everybody,  to  mean  that  this  pos- 
sessory title,  so  long  as  it  was  kept  valid  by  compliance  with  legal  require- 
ments, was  equivalent  to  ownership,  so  that  no  one  could  intrude  upon 
the  surface  which  it  covered  without  committing  it^espass;  and  that, 
consequently,  no  one  could  establish  a  location  in  the  required  rectangular 
form  by  putting  his  comer  stakes  on  another  man's  ground,  and  then,  in 
his  application  for  patent,  excepting  the  ground  already  owned  by  his 
neighbor,  but  claiming  the  rest  as  a  valid  location,  whatever  its  shape. 
But  the  U.  S.  Supreme  Court  held,  in  the  later  Del  Monte  case  cited 
above,  that  the  locator  was  not  an  owner,  and  that "  imaginary  boundaries" 
might  be  drawn  for  a  later  location  on  the  surface  of  his  location,  so  as  to 
secure  extrsrlateral  rights,  not  impairing  his  rights. 

The  Montana  statute,  authorizing  the  inspection  and  survey  of  a 
mine,  to  ascertain  whether  a  trespass  had  been  committed,  and  the 
extent  of  damage  thereby  inflicted,  for  the  purpose  of  getting  facts  for  the 
commencement  of  a  suit,  was  a  decided  novelty.  According  to  the  pre- 
vious practice,  a  party  might  apply  for  such  an  inspection,  after  he  had 
brought  a  bill  in  equity,  just  as  the  complainant  in  a  civil  suit  may  apply 
for  permission  to  examine  the  defendant  prior  to  trial;  because  the  com- 
mencement of  the  suit  puts  the  question  or  the  property  concerned  within 
the  jurisdiction  of  the  court,  and  places  the  complainant  under  serious 
responsibilities  and  pecuniary  liabilities.  But  it  was  a  startling  propo- 
sition that  a  party  could  go  before  a  court  and  say,  "My  neighbor  is 
mining  much  ore;  and  I  would  like  to  know  where  his  bonanza  lies,  and 
whether  some  of  it  is  not  mine  by  extra-lateral  right  or  otherwise.  I 
will  not  take  the  responsibility  of  beginning  a  suit,  because  I  do  not  really 
know  that  I  have  any  ground  for  l^gal  complaint,  and  I  do  not  wish  to 
frame  a  complaint,  without  first  ascertaining  just  what  to  claim,  and 
where,  so  as  to  secure  the  greatest  advantage  by  victory — or  else,  dis- 
covering that  I  have  no  case,  so  as  to  avoid  fighting  altogether.  I 
therefore  ask  the  court  to  order  a  survey  of  my  neighbor's  mine  workings 
for  the  purpose  of  giving  me  the  information  I  desire" — and  that  the 

« 

*  Montana  Co.  vs.  Clark,  42  Fed.,  626. 

*  Del  Monte  Mg.  Co.  vs.  Last  Chanoe  Mg.  Co.,  171  U.  S.,  65. 
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court  might  make  such  a  decree,  without  requiring,  as  a  condition  pre- 
cedent, the  commencement  of  a  suit. 

When  I  say  this  was  new  doctrine,  I  do  not  mean  that  similar  statutes 
did  not  exist  in  other  States.  It  is  enough  to  say,  that  the  question  was 
carried  to  the  U.  S.  Supreme  Court  in  this  case,  on  the  proposition  that 
the  decree  authorizing  entry,  survey,  etc.,  upon  private  property  in 
advance  of  any  other  proceeding,  was  not  "due  process  of  law,"  and 
therefore  that  the  statute  authorizing  it  contravened  the  Constitution 
of  the  United  States.  The  U.  S.  Supreme  Court  (in  152  U.  S.,  160) 
upheld  the  constitutionality  of  the  statute.  I  think  this  decision  was 
correct,  though  it  disappointed  my  clients,  and  established  a  possibly 
dangerous  precedent.^  For  I  hold  it  to  be  a  sound  principle  of  American 
equity  practice  that  a  court  may  order  (under  proper  saf^uard  against 
injury,  and  bonds  for  possible  damage,  to  property)  the  entry  upon 
private  property,  for  the  purpose  of  ascertaining  facts  not  otherwise  to 
be  known,  and  necessary  to  the  just  decision  of  a  question  before  it. 
The  Montana  statute  authorized  a  coiu*t  to  do  this,  when  there  was 
no  question  before  it.  But  this  extension  of  judicial  authority  was  a 
necessary  result  of  the  apex  law;  and  any  evils  which  may  flow  from  it 
are  directly  chargeable  to  that  law,  which  conveys  mining  rights  so  vague, 
and  so  dependent  upon  geological  phenomena,  that  nothing  but  an  under- 
ground survey  can  determine  them.  In  order  to  prove  title,  every  stope 
in  a  mine  must  be  traced  to  an  apex;  every  branch  of  a  vein  must  be  con- 
nected with  an  apex  right,  etc.;  and  there  is  no  doubt  that,  under  this 
law,  mining  operations  may  be  (and  sometimes  are)  extended  by  cross- 
cuts underground  into  veins  not  within  the  extrarlateral  right  of  the  oper- 
ator. Congress  having  established  the  (undoubtedly  constitutional) 
apex  law.  State  statutes,  necessary  to  its  just  administration,  ought  not 
to  be  lightly  regarded  as  unconstitutional;  and,  while  I  am  still  inclined 
to  think  it  would  be  wiser  to  require  the  commencement  of  a  suit  before 
the  application  for  a  survey,  it  seems  to  me  that  the  Montana  statute 
should  not  be  condemned  as  omitting  to  provide  a  ''due  process  of  law." 

The  extent  to  which  the  apex  law  has  thus  required  the  enlargement 
of  judicial  power  is  amusingly  illustrated  by  a  mining  case  in  British 
Columbia,  of  which  I  give  an  outline,  omitting  names,  dates,  and  other 
details,  as  not  necessary  to  my  present  piu-pose.  British  Columbia,  at 
one  time,  adopted  the  apex  law,  and,  after  some  years  of  experiment  and 
amendment,  abandoned  it,  returning  to  the  system  of  ''square  locations" 
and  vertical  boundary  planes.  Long  afterward,  a  controversy  arose 
between  two  mines,  involving  the  extra-lateral  right  acquired  for  one  of 
them  by  its  original  location.     The  evidence  showed  that  A  had  on  the 

^  The  danger  is,  perhaps,  not  great;  for  the  applicant  for  such  a  survey,  "fishing 
for  evidence  in  advance, "  can  get  it  only  in  the  discretion  of  the  court,  and  would 
doubtless  have  to  show  reasonable  cause. 
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surface  of  his  location  the  plain  apex  of  a  vein,  which  he  had  followed 
with  an  incline  down  to  a  point  where  it  reached  the  vertical  plane 
through  his  side  line.  Here  A  was  stopped  by  an  injunction,  forbidding 
him  to  trespass  upon  the  ground  covered  by  the  location  of  B.  Mean- 
while, B,  in  working  his  minci  had  followed  upward  a  precisely  similar 
vein,  until  he  reached  a  point  12  ft.  (if  I  remember  correctly)  on  the  dip, 
from  the  said  boundary.  It  was  this  vein  that  A  claimed,  under  his 
apex  right.  But  the  continuity  and  identity  could  not  be  proved  beyond 
possible  doubt,  except  by  driving,  on  B's  ground,  from  the  bottom  of  an 
excavation  of  A,  an  mcline  to  reach  the  top  of  B's  excavation;  and  A's 
application  to  have  this  connection  made  imder  the  direction  of  the  court 
was  refused.  In  vain  were  the  opinions  and  decisions  of  American  courts, 
interpreting  the  apex  law,  produced  in  argument.  They  were  received 
with  complimentary  comments  as  worthy  of  consideration,  but  not 
authoritative  in  a  Crown  Province,  taking  its  precedents  from  the 
British  Chancellor  or  the  House  of  Lords.  It  was  very  difficult  to  find 
such  precedents;  for  the  British  decisions  had  never  dealt  with  the  apex 
law;  but  finally  (to  skip  all  intermediate  steps)  an  equity  decision  was 
discovered,  which  proved  to  cover  the  point.  It  was  in  a  dispute,  involv- 
ing the  responsibility  for  an  evil  odor,  proceeding  from  a  system  of  drains; 
and  since  the  actual  source  of  the  evil  odor  could  not  be  ascertained  with- 
out investigating  the  connections  of  the  drains  under  an  adjacent  public 
highway,  the  court  ordered  the  digging-up  of  that  highway,  in  order  to 
obtain  the  information  necessary  to  a  just  decision.  But  the  highway 
belonged  to  the  King,  .and  if  the  King's  property  rights  could  be  violated 
for  such  a  reason,  how  much  more  those  of  a  private  subject!  It  was 
this  fragrant  precedent  that  ultimately  secured  for  A  an  order  of  court, 
authorizing  the  excavation  which  established  his  extra-lateral  right. 

Many  other  points  in  Mr.  Goodale's  paper  might  be  made  the  sub- 
jects of  extended  comment.  But  I  will  mention  only  one.  The  compli- 
cated litigation  over  the  "compromise  ground,"  which  ultimately  ruined 
the  Montana  Co.,  was  due  to  the  form  of  the  agreement  (and  the  subse- 
quent deed,  conforming  thereto)  which  conveyed  only  a  given  area, ''  with 
the  mineral  therein  contained, "  and  did  not  name  the  extra-lateral  right. 
If  the  "compromise  ground"  had  been  conveyed  without  any  such 
specific  qualification,  the  conveyance  might  easily  have  been  construed, 
under  the  principle  laid  down  in  the  old  Eureka  case,  according  to  the 
custom  of  ininers,  as  conveying  all  the  rights  appertaining  to  the  owner- 
ship of  the  ground  as  part  of  the  senior  Nine  Hour  location.  That  was 
undoubtedly  the  original  intention  of  the  parties.  But  the  specification 
in  a  deed  of  what  is  actually  conveyed,  may  exclude  the  consideration 
of  other  things  orally  promised  or  mentally  intended.  It  may  fairly  be 
said,  therefore,. that  the  hardship  and  injustice  suffered  by  the  Montana 
Co.  in  connection  with  its  "compromise  ground,"  were  due  to  the  error 
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of  its  original  grantor.  Nevertheless,  it  still  remains  a  pertinent 
objection  to  the^apex  law  that  such  punishments  of  innocent  error  and 
such  hardships  to  bona  fide  investors  can  take  place  under  its  honest 
administration. 

M.  K.  RoDGERS,  Santa  Monica,  Cal. — My  early  work  was  in  Butte, 
and  I  remember  one  of  the  first  things  I  noticed  there  on  the  apex  law 
was  a  fraction  owned  by  a  gentleman  in  Butte.  Considerable  ore  was 
being  taken  out.  The  Anaconda  Co.  was  interested  in  the  ore  taken  out, 
and  found  that  there  was  a  small  vein  on  the  side  of  the  mountain.  We 
got  into  litigation  and  we  found  that  both  were  taking  out  ore  which 
did  not  belong  to  either,  but  which  belonged  to  the  Anaconda  Co. 

My  experience  in  British  Columbia  and  in  this  country  led  me  to 
this:  I  eliminated  the  apex  law  from  all  concerns  or  properties,  and  we 
would  not  have  anything  to  do  with  a  mining  company  that  based  its 
title  on  the  apex  law,  and  a  bunch  of  lawyers  and  a  bunch  of  innocent 
Western  jurors  to  give  you  justice. 

The  expert's  work  is  only  good  until  further  development  works 
changes;  change  conditions,  and  he  will  then  change  his  opinion.  I 
found  it  worked  well  to  eliminate  the  apex  law  from  my  work  entirely. 
The  indefiniteness  of  the  apex  conditions  is  such  that  no  apex  law 
will  cover  it.  It  is  much  easier  to  do  mining  business  in  Canada,  for  the 
reason  that  their  laws  are  definite,  and  ours  are  not. 

If  you  own  a  claim  at  the  head  of  the  Copper  river  to-day,  and 
another  on  the  British  side  of  the  line,  it  will  cost  the  American  any- 
where from  $1,000  up  to  do  $100  worth  of  work;  while  on  the  other  aide 
you  can  remit  your  check  and  do  the  work. 

In  British  Columbia  you  have  something  in  the  way  of  an  abstracted 
title.  As  soon  as  you  do  your  assessment  work  you  must  describe  what 
you  do.  At  the  end  of  five  years,  you  have  something.  On  the  Alaska 
side  you  do  not  even  have  a  record  of  the  work  of  two  years  ago,  and  at 
the  end  of  five  years  your  title  depends  upon  whether  there  are  more 
people  there  to  swear  you  did  your  work  or  more  people  who  will  swear 
you  did  not  do  the  work.  A  wise  Swede  out  there  had  a  claim,  during 
the  days  when  everything  was  jumped.  He  had  seven  or  eight  comers 
at  his  comer  post.  Some  one  noticed  it  and  said,  ''Somebody  has  been 
jumping  you  too,  have  they?"  He  said,  "No,  I  jump  myself  every  six 
weeks." , 

Charles  H.  Shamel,  Springfield,  111.  (communication  to  the  Secre- 
tary*).— Mr.  Goodale's  history  of  the  litigation  involving  the  Drum- 
lummon  lode  is  a  clear  and  interesting  account  of  a  celebrated  con- 
troversy involving  the  apex  law.  It  is  written  at  this  time  for  its  bQar- 
ing  on  the  proposed  repeal  of  the  apex  law;  and  its  intended  moral  is 

*  Received  Feb.  3,  1914. 
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that  the  apex  law  is  ''immeasureably  bad."  He  asks:  ''Can  anyone 
describe  an  instance  where  such  injustice  has  resulted  in  the  operation 
of  the  mining  laws  of  other  countries?"  Unfortunately,  I  am  not  familiar 
with  the  history  of  mining  litigation  elsewhere  than  in  the  United 
States  and  so  cannot  answer  the  question  exactly  as  proposed.  There 
are,  however,  only  two  practical  alternatives  for  a  law  governing  under- 
ground rights  anywhere  in  the  world:  allowing  the  vein  to  be  followed 
wheresoever  it  may  lead  (the  principle  of  the  apex  law) ;  and  limitation 
by  vertical  planes  through  boundaries.  The  latter  alternative  rules  in 
the  greater  part  of  the  United  States  (a  fact  which  appears  to  be  over- 
looked by  many  writers)  and,  without  going  from  home,  the  examples 
the  gentleman  asks  for  can  be  readily  furnished  and  these  entirely  de- 
molish any  argument  against  the  apex  law  founded  on  the  Drumlummon 
case.  A  striking  example  is  the  bitter  litigation  about  the  zinc  deposits 
at  Franklin  Furnace,  N.  J.,  lasting  in  various  forms  nearly  half  a  century. 
I  have  outlined  this  remarkable  litigation  elsewhere  and  it  would  be  im- 
possible to  do  so  here  within  allowable  space.' 

Another  recent  example  is  the  enormously  protracted  (about  3 
months  for  one  trial)  and  expensive  (about  $60,000  for  court  costs  alone) 
trial  in  the  U.  S.  district  court  in  New  York  City,  which  resulted  in  the 
conviction  and  sentence  to  the  penitentiary  for  fraud  by  a  mining  com- 
pany of  Julian  Hawthorne,  and  a  doctor  and  an  Austrian  whose  names 
just  now  escape  me.  There  are  very  numerous  examples  of  this  kind 
equal  to  the  Drumlummon  litigation.  I  happen  to  know  personally 
of  a  litigation  arising  in  a  rural  county  in  Illinois  about  the  corporate 
affairs  of  an  Arizona  mining  company  which  lasted  13  years,  and  re- 
sulted in  the  wrecking  of  the  company,  which  previously  stood  in  the 
not  overcrowded  rank  of  dividend  payers. 

A  search  would  doubtless  disclose  in  the  legal  history  of  the  United 
States  many  other  equally  important  mining  litigations  also  not  involv- 
ing the  apex  law  at  all;  so  that  it  is  utterly  fallacious  to  argue  that  the 
Drumlunmion  case  justifies  the  repeal  of  that  law.  From  scattered 
hints  in  reading,  I  believe  that  other  mining  countries  would  furnish 
also  many  examples  of  just  as  important  litigations.  I  have  conclusively 
shown  in  my  main  contribution  to  this  discussion,  by  an  actual  count  of 
the  mining  cases,  that  the  apex  law  causes  much  less  than  its  propor- 
tionate share  of  mining  litigation,  instead  of  nearly  all  of  it,  as  most  non- 
I^al  writers  seem  to  assmne.  The  instances  I  give  above  prove  that  its 
lawsuits  are  not  more  protracted  or  expensive  than  other  mining 
litigation. 

If  injustice  resulted  from  the  final  decision  in  the  Drumlummon 


*  See  Shamel's  Mining^  Mineral  and  Qeological  Law,  p.  43  e<  seq^  where  the  oita- 
tioiis  to  the  original  reports  of  the  ease  are  given. 
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case,  as  Mr.  Goodale  seems  to  believe,  the  fault  lies  not  with  the  apex 
law,  but  With  the  existing  instruments  and  methods  of  legal  procedure. 
I  am  as  strongly  in  favor  as  any  one  can  possibly  be  of  a  thorough-going 
reformation  of  our  entire  legal  system.  It  is  foolish  to  try  this  kind 
of  a  case  or,  in  truth,  any  kind  of  a  case  before  a  jury,  if  an  honest  and 
impartial  judge  can  be  found' to  try  it;  and,  under  a  proper  legal  system, 
this  could  be  done  without  fail.  Our  Anglo-American  jury  system  is  an 
archaic  survival  of  an  entirely  different  state  of  society  and  stage  of 
civilization  and  is  as  crude  and  inefficient  as  the  solid-wheeled  carts  of 
Mexico  compared  to  a  railway  train. 

True  it  is,  as  Fred  T.  Greene  observes  in  discussing  Mr.  Goodale's 
paper,  that  if  the  dip  of  the  vein  changes,  or,  to  state  it  more  accurately, 
if  the  boundary  of  the  ore  body  is  a  warped  surface,  its  intersection  with 
St.  Louis's  side  line  will  be  a  bent  line,  but  this  is  not  any  argument 
whatever  against  the  apex  law.  If  it  has  any  bearing  at  all  it  is  just  the 
contrary;  for  it  is  one  of  the  problems  which  will  arise  oftenest  under  the 
opposite  legal  principle  because  liable  to  occur  whenever  the  vein  passes 
under  any  boundary,  whereas  under  the  apex  law  it  cannot  occur  more 
than  one-half  as  often;  that  is,  only  when  the  vein  passes  out  beneath  an 
end  line.  If  it  passes  out  beneath  a  side  line  no  jury  or  judge  will  have 
to  worry  about  an  irregular  polyhedron,  for  the  very  simple  reason  that 
the  miner  can  legally  excavate  as  far  as  he  sees  fit  without  liability 
to  anybody. 

In  reality,  the  situation  instanced  has  absolutely  no  application  in 
the  apex  controversy;  and  its  attempted  use  is  a  striking  example  of  the 
confusion  of  thought  or  desperate  dearth  of  sound  argument  suffered  by 
the  opponents  of  the  apex  law.  So  far  as  the  difficulty  Mr.  Greene  men- 
tions is  an  argument  for  anything,  it  is,  like  Mr.  Goodale's,  an  argument 
for  a  radical  reform  of  our  entire  legal  system,  or,  perhaps,  even  for  the 
abolition  of  courts  altogether,  allowing  mining  disputes  to  be  adjusted 
by  the  primitive  combat  method.  I  would  further  observe,  however, 
that  so  far  as  my  experience  goes  I  never  saw  either  a  judge  or  jury 
obliged  to  struggle  with  such  a  problem  as  calculating  the  cubical  contents 
of  an  irregular  polyhedron.  The  universal  practice  is,  when  such  questions 
arise,  that  one  or  more  competent  engineers  or  other  experts  are  placed 
on  the  witness  stand  and  asked  the  question  as  to  the  contents  of  the 
irregular  polyhedron  of  given  dimensions.  If  he  or  they  are  competent, 
it  is  impossible  that  there  would  be  any  doubt  about  the  testimony;  and 
it  would  certainly  be  adopted  by  the  judge  and  jury  in  arriving  at  a 
verdict.  Consequently,  such  problems,  even  under  our  present  l^al 
system,  would  be  decided  according  to  the  best  knowledge  of  engineers 
or  other  experts;  and  the  ignorance  of  judge  and  jury  about  descriptive 
geometry  does  not  matter.  In  fact,  justice  can  be  more  nearly  attained, 
and  I  would  rather  try  a  technical  or  scientific  case  before  a  judge  and 


THE   APEX  LAW   IN  THE  DBUMLUMMON   CONTROVERSY  349 

jury  entirely  without  knowledge  of  the  technical  or  scientific  principles 
inyolved,  because  if  the  expert  who  testifies  and  furnishes  the  technical 
information  is  mistaken  or  false  it  can  be  exposed  and  thrown  out,  but 
it  is  impossible  to  know  and  correct  technical  mistakes  which  may  lurk 
in  the  minds  of  judge  or  jury  supposed  to  be  familiar  with  them.  In 
my  judgment,  neither  Mr.  Goodale  nor  Mr.  Greene  advances  any 
arguments  justifying  even  remotely  the  proposal  to  repeal  the  apex 
law. 
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The  Initiation  of  Title  to  Mineral  Lands 

BT  ALBBRT  BX7BCH,  BAN  FRANCISCO,  GAL. 
(New  York  Meeting,  Februaiy.  1014) 

An  analysis  of  this  subject  demands  a  study  of  the  theory  and  practice 
of  the  present  system,  conclusions  as  to  its  merits,  and  recommendations 
for  remedying  its  defects  if  any  be  found. 

Theory  of  the  Present  Law 

The  theory  of  the  present  law  with  reference  to  lode  locations  contem- 
plates the  existence  upon  the  surface  of  mineral-bearing  veins  which  have 
clearly  marked  boundaries,  and  which  can  be  so  readily  traced  that  a  loca- 
tor may  immediately  mark  the  boundaries  of  his  600  by  1,500  ft.  claim  in 
such  a  way  that  the  vein  will  pass  through  both  of  its  end-lines.  It 
also  supposes  that,  having  discovered  such  a  mineral-bearing  vein,  the 
locator  will  at  once  post  a  notice  upon  such  discovery,  mark  the  bounda- 
ries of  his  location  in  such  a  manner  that  they  can  be  readily  traced,  and 
from  that  time  forward  have  absolute  title  to  the  ground  embraced  within 
such  boundaries,  as  against  every  person  except  the  United  States. 

For  initiating  title  to  placer  ground,  the  law  presupposes  the  discovery 
of  a  valuable  mineral  deposit;  but  not  necessarily  in  place,  as  in  the  case 
of  lode  claims;  and  the  location  must  be  made  to  conform  ''as  nearly  as 
may  be"  to  the  legal  subdivisions  of  the  United  States  public  land  survey. 
When  the  placer  law  was  extended  to  include  the  acquisition  of  title  to 
oil  lands,  no  exception  was  made  as  to  the  necessity  for  the  discovery  of 
valuable  mineral  in  advance  of  location! 

• 

Practice  under  the  Present  Imw 

Nature  did  not  make  all  veins  clearly  defined  and  readily  traceable 
upon  the  surface;  nor  did  she,  in  all  cases,  leave  upon  the  surface 
which  overlies  important  ore  bodies  such  outcrops  as  would  in  them- 
selves be  considered  valuable;  and  the  citizen  of  the  United  States  has  in 
the  past  endeavored  to  steer  his  course  between  the  mandates  of  the  law 
and  the  limitations  of  nature. 

Until  quite  recently,  it  has  been  possible  to  obtain  a  patent  for  any- 
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thing  called  a  mining  claim,  regardless  of  the  character  of  its  discovery. 
The  Department  of  the  Interior  is  now  insisting,  however,  upon  a  more 
strict  compliance  with  the  letter  of  the  law;  and  it  has  become  almost,  if 
not  quite,  necessary  to  demonstrate  the  existence  of  payable  ore  within 
the  limits  of  a  mining  claim  in  order  to  obtain  a  United  States  patent 
therefor  (but  not,  of  course,  in  order  to  make  a  location  giving  the  locator 
a  possessory  title  against  all  except  the  United  States). 

Whether  this  change  of  policy  on  the  part  of  the  Department  of  the 
Interior  has  resulted  in  a  general  attempt  on  the  part  of  locators  to  adhere 
more  closely  to  the  letter  of  the  law  relating  to  discovery,  the  writer  is 
unable  to  say.  But,  in  the  past,  thousands  of  lode  claims  have  been 
located,  upon  which  there  were  not  only  no  outcrops  of  commercially 
valuable  ore  bodies,  but  no  outcrops  of  any  nature  whatsoever.  The 
boundaries  of  claims  have  not  been  so  placed  that  the  veins  found  within 
them  cross  their  end  lines  at  the  surface,  nor  have  their  boundaries  been 
so  marked  upon  the  surface  as  to  be  readily  traceable.  The  result  of  this 
laxity,  in  conjunction  with  the  extra-lateral  right  granted  by  the  law,  has 
been  costly  litigation,  which  has  made  the  American  mining  law  a  by-word 
among  mining  investors,  and  has,  in  many  cases,  actually  prevented  the 
investment  of  both  domestic  and  foreign  capital  in  American  mines. 

Placer  claims,  except  for  acquiring  title  to  oil  lands,  have  ceased  to  be 
very  important  in  the  United  States;  and,  even  in  the  past,  comparatively 
few  have  been  located  without  some  semblance  of  discovery. 

FavUa  of  the  Present  System 

The  chief  faults  of  the  present  system,  as  viewed  by  the  writer,  are 
but  two  in  number: 

1.  If  the  law  be  not  strictly  complied  with,  the  result  is  expensive 
Utigation  and  uncertain  titles. 

2.  If  the  law  be  strictly  enforced,  then  it  is  not  possible  to  obtain  satis- 
factory title  to  such  areas  of  mining  ground  as  are  necessary  for  econom- 
ical operation  by  present-day  methods. 

Remedies  Recommended 

1.  The  writer  suggests  that  "discovery"  as  a  prerequisite  to  the  loca- 
tion of  all  classes  of  mining  claims  be  abolished  in  law,  as  it  has  been,  for 
many  years  past,  in  practice. 

2.  That  in  order  to  avoid  surface  conflicts,  a  claimant  be  required  to 
have  his  claim  surveyed  immediately  after  location  by  a  salaried  surveyor 
in  the  employ  of  the  government,  and  that  the  government  charge  such 
fees  for  this  service  as  are  estimated  to  be  necessary  to  cover  the^salaries 
and  office  expenses  of  the  surveyors. 
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3.  That  the  number  of  lode  claims  which  an  individual^  corporation, 
or  association  may  locate  or  acquire  in  any  given  mining  district  be  lim- 
ited in  such  a  manner  as  to  prevent  monopoly  on  the  one  hand  and  yet 
admit  of  the  economical  operation  on  a  large  scale  which  mining  methods 
of  the  present  day  demand. 

4.  The  writer  is  not  sufficiently  familiar  with  conditions  governing  the 
development  of  oil  lands  to  enable  him  to  make  any  recommendations 
regarding  the  initiation  of  title  to  oil-land  claims,  other  than  to  say  that 
"discovery"  as  a  prerequisite  is  manifestly  improper. 

6.  With  reference  to  placer  locations  other  than  of  oil  lands,  the  placer 
law  should  be  made  applicable  only  to  those  deposits  of  valuable  mineral 
which  lie  above  the  surface  of  bedrock,  and  other  provisions  should  be 
made  for  the^  initiation  of  title  to  bodies  of  iron  ore  and  such  stratified 
deposits  as  phosphate  rock,  gypsum,  etc.,  the  location  of  which  has  here- 
tofore been  considered  as  possibly  included  within  the  provisions. of  the 
present  law  governing  the  location  of  placer  mining  claims. 

6.  Buried  river  channels  of  gold-bearing  gravel,  which  are  found  in 
California,  and,  to  a  limited  extent,  in  other  States,  might  be  located  under 
the  law  governing  the  location  of  lode  mining  claims,  instead  of  that 
relating  to  placers,  as  at  present. 

Naturally,  such  changes  as  are  suggested  above  would  involve  some 
change  in  the  laws  governing  the  maintenance  of  title  to  mining  claims, 
but  the  discussion  of  that  subject  does  not  come  within  the  province  of 
this  paper. 

Discussion 

M.  K.  RoDGEBS,  Santa  Monica,  Cal. — I  would  like  to  call  attention 
to  a  very  important  thing  in  this  paper,  and  that  is  the  survey  of  the  claim 
being  made  immediately  after  location,  or  as  soon  as  the  prospector  cares 
to  do  it.  In  British  Columbia  that  is  permissible,  and  it  is  allowed  as  one 
year's  assessment  work. 

George  A.  Packard,  Boston,  Mass. — Speaking  of  a  survey,  I  want 
to  refer  to  the  change  in  the  manner  in  which  prospectors  and  locators 
are  doing  work  on  their  claims.  Two  months  ago  I  went  to  Montana  to 
look  over  claims  for  which  patent  was  asked  two  years  ago;  and  there 
were  two  discovery  holes,  about  60  ft.  apart.  One  of  those  claims  had 
been  passed  for  patent  by  the  Interior  Department,  and  the  other  had  not. 

I  will  admit  that  in  one  claim  there  was  good  quartz-bearing  ore,  and 
in  the  other  only  some  stringers;  but  at  the  same  time  there  was  a  mining 
claim  within  2  miles  which  had  produced  $20,000,000  according  to  a 
record  I  had  seen.  One  of  these  claims  had  been  turned  down  for  patent- 
ing as  "non-mineral  land."  It  had  been  relocated  and  the  owner  v^aa 
driving  a  useless  cross-cut  tunnel  in  an  endeavor  to  find  some  quartz  or 
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copper  to  satisfy  persons  sent  out  by  the  Department  to  make  the 
examination. 

There  were  some  eight  claims,  so  located  that  a  tunnel  on  one  of  the 
veins,  with  cross-cuts,  would  have  developed  all  very  advantageously. 
But  the  owner  had  been  obliged  to  spend  $500  on  each  individual  claim, 
and  to  throw  it  away,  as  he  had  been  told  by  the  engineers  who  made  the 
survey  for  the  patent  that  if  he  made  an  expenditure  of  $4,000  all  in  one 
place,  which  would  be  greatly  to  his  advantage  in  developing  the  property, 
undoubtedly  the  claims  would  not  be  passed  for  patent.  That  is  one 
thing  which  has  arisen  as  a  result  of  change  of  policy  in  the  Department. 

Now,  taking  up  the  matter  of  survey  of  the  claim:  I  agree  with  the 
gentleman  who  has  just  spoken,  that  that  is  an  extremely  desirable  thing, 
and  it  should  be  permissible  that  the  claim  should  be  surveyed  and  the 
cost  of  survey  be  applied  as  a  portion  of  the  assessment  work,  of  the  $100 
worth  of  work,  if  we  are  to  have  such  a  feature  in  our  law.  But  I  do  not 
think  survey  of  the  claim  should  be  made  obligatory.  There  are  many 
prospectors  who  have  not  the  money  to  pay  for  a  survey  of  the  claim,  but 
they  can  go  out  and  do  $100  worth  of  work  on  the  property;  and  that 
is  of  some  value  in  making  the  property  salable,  while  the  survey  is  not  as 
valuable. 

We  have  not  enough  prospectors  in  the  West  to  find  as  many  mines  as 
the  mining  investors  of  the  East  would  like  to  buy  if  they  could  see  some- 
thing worth  buying;  and  I  think  it  would  be  a  great  mistake  to  put  into 
the  law  any  requirement  which  would  make  it  more  difficult  for  the  pros- 
pector to  go  out  and  establish  title  to  his  claim.  I  think  the  law  should 
be  such  that  the  initiation  of  the  possessory  right  should  be  as  simple  and 
inexpensive  as  it  possibly  can  be,  and  yet  at  the  same  time  give  its  a 
record,  and  a  title,  which  would  be  unquestionable. 

Horace  V.  Winchell,  Minneapolis,  Minn. — I  am  reminded  that 
there  are  surveys  and  surveys.  Last  summer  I  visited  Patagonia.  I  had 
a  map  furnished  by  the  Argentine  government  in  Buenos  Aires.  I 
traveled  3,000  miles,  and  each  applicant  for  an  oil  concession  had  to  ad- 
vance 1,500  or  2,000  pesos  for  surveys.  They  did  so.  I  organized  an 
expedition  and  went  out,  and  as  I  approached  I  saw  white  stakes,  but 
there  was  not  a  single  mark  on  a  single  stake  to  show  what  had  been 
surveyed. 
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Good  Ideas  in  the  Mining  Laws  of  British  Columbia  and  Mexico 

BY  F.  L.  SIZER,  SAN  FRANCISCO,  CAL. 
(New  York  Meeting,  February,  1914) 

The  mining  regulations  of  British  Columbia  and  Mexico  present 
some  features  which  might  well  be  copied  in  the  United  States,  if  we  are  to 
have  a  complete  revision  of  the  laws  governing  mining  titles. 

1.  First  and  foremost  is  the  "square"  location,  which  would  mean 
the  abolition  of  extralateral  rights.  This  is  a  condition  in  both  of  the 
countries  above  named  which  has  seemed  to  work  no  hardship  upon  any 
one,  and  certainly  the  limitation  of  underground  rights  by  vertical  planes 
through  all  lines  makes  a  locator's  rights  clear.  In  view  of  the  long  and 
costly  litigation  which  has  involvred  so  seriously  many  of  our  most  im- 
portant mining  districts,  it  would  seem  to  be  the  part  of  wisdom  to  avoid 
a  repetition  of  similar  trouble  on  titles  of  lode  mining  claims,  by  the  enact- 
ment of  a  law  similar  to  that  in  force  in  British  Columbia. 

Objections  have  been  raised  by  representatives  of  English  companies 
to  the  investment  of  large  amounts  of  money  in  mining  operations  in 
the  United  States,  because  of  the  insecurity  of  title  under  the  present 
apex  law;  and  the  statement  has  been  made  to  me  personally  by  one  of 
the  largest  English  operators,  that  he  would  never  again  consent  to  the 
purchase  of  mines  in  the  United  States,  preferring  Mexico  with  all  its 
revolutionary  troubles  to  the  danger  of  encroachment  upon  his  under- 
ground rights  by  an  unscrupulous  neighbor. 

Without  going  into  further  argument  as  to  the  desirability  of  the 
"square  location,"  it  should  be  sufficient  to  say  to  those  who  are  inclined 
to  "let  well  enough  alone"  and  still  stick  to  the  "law  of  the  apex"  that 
there  have  never  been  any  serious  objections  raised  to  this  feature  of  the 
square  location  in  either  British  Columbia  or  Mexico.  There  are  well 
founded  and  logical  reasons  for  abandoning  the  doctrine  of  extra-lateral 
rights  since  it  is  so  difficult  of  interpretation;  the  most  natural  substitute 
being  a  law  similar  to  that  of  British  Columbia,  giving  to  each  locator  an 
area  1,500  ft.  square. 

I  would  advocate  the  right  to  locate  adjoining  claims  of  equal  extent 
on  either  side  of  the  discovery  claim,  on  the  strike  of  the  lode,  subject  to 
a  reasonable  requirement  in  the  matter  of  work  upon  them;  and  in  the 
case  of  a  vein  dipping  flatter  than  45°  from  the  horizon,  or  in  case  of  a 
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"deposit,"  I  would  also  favor  the  right  to  locate  one  additional  claim 
(without  actual  discovery  upon  it)  on  the  side  toward  which  the  lode  or 
deposit  dips. 

2.  For  the  official  known  as  Gold  Commissioner,  in  British  Columbia, 
there  can  probably  be  substituted  a  county  official  or,  perhaps,  the  State 
Mine  Inspector,  whose  business  it  shall  be  to  inspect  the  yearly  work 
done  upon  all  claims  held  by  possessory  right.  He  could  pass  upon  the 
sufficiency  of  the  work  and  make  suitable  record  of  the  same  in  the  county 
recorder's  office.  This  mode  of  notification  to  the  public  would  insure 
honest  work  of  the  full  value  of  SI  00  per  claim  each  year,  up  to  the  time 
patent  is  secured;  and  some  method,  copying,  in  part,  the  British  Colum- 
bia law,  will  probably  be  desirable. 

3.  The  suggestion  contained  in  the  foregoing  paragraph  presupposes 
the  desirability  of  "annual  work"  upon  mining  claims  rather  than  the 
payment  of  a  government  tax,  as  is  the  law  in  Mexico.  This  is  a  point 
which  is  worth  careful  consideration,  before  (he  enactment  of  any  law. 
The  present  disturbed  condition  of  affairs  in  Mexico  is  an  argument 
against  perpetuating  possessory  title  by  means  of  annual  tax  paid  to  the 
government,  though  it  may  be  justly  said  that  conditions  similar  to  those 
in  Mexico  can  hardly  arise  in  the  United  States. 

4.  It  certainly  does  not  seem  wise  to  adopt  what  has  been  done  in 
many  of  the  English  colonies:  namely,  retention  of  jurisdiction  by  the 
government  over  all  mineral  lands,  as  that  would  amount  to  a  leasing  sys- 
tem, and  there  is  a  preponderance  of  opinion  adverse  to  this  method  among 
active  mining  men  all  over  the  United  States. 

In  conclusion,  I  have  attempted  to  discuss  only  those  features  of  the 
laws  of  British  Columbia  and  Mexico  which  I  think  would  be  applicable 
in  the  United  States,  leaving  to  others  who  are  more  familiar  with  the 
mining  statutes  of  other  countries  the  presentation  of  their  views. 

Discussion 

Sidney  J.  Jennings,  New  York,  N.  Y. — This  paper  seems  to  open  up 
what  is  desirable  in  the  new  law  of  the  United  States.  I  think  that  is  a 
point  on  which  the  Institute  would  like  to  be  heard  when  new  laws  are 
actually  proposed  by  the  government  in  the  shape  of  bills  before  Congress. 
And  it  would  be  wise  before  any  new  legislation  is  passed  to  have  a 
Commission  gather  the  views  and  opinions  concerning  the  desirable 
features  of  mining  laws  of  other  countries,  and  those  which  appeal  most 
strongly  to  the  operating  engineers  in  the  United  States. 

W.  L.  CuMiNGs,  Bethlehem,  Pa. — Mr.  Sizer's  paper  suggests  some- 
thing which  I  have  not  noticed  in  many  of  the  papers  on  this  subject, 
and  that  is,  more  comparisons  drawn  between  the  mining  laws  of  the 
United  States,  and  those  of  other  countries,  showing  the  good  and  bad 
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features  of  each.  We  all  know  that  there  are  serious  objections  to 
some  features  of  the  mining  laws  of  the  Spanish-American  countries, 
such  as,  for  instance,  confusion  arising  from  the  classification  of  mineral 
deposits.  This  has  given  rise  in  Cuba  to  a  lawsuit  which  compares  in 
magnitude  with  many  of  the  famous  apex-law  cases. 

In  this  connection  it  would  seem  that  descriptions  of  some  of  the 
complicated  ore  deposits  of  other  countries  could  be  used  as  examples 
showing  the  litigation  that  would  undoubtedly  have  followed  had  the 
same  been  located  in  the  United  States. 

William  B.  McKinlat,  New  York,  N.  Y.  (communication  to  the 
Secretary*). — 1.  The  "square  location."  On  account  of  the  extremely 
irregular  nature  of  some  ore  deposits,  it  would  perhaps  be  restrictive 
to  the  point  of  injustice  were  a  miner  compelled  to  locate 'his  ground  in 
the  form  of  one  large  square.  In  the  various  contributions  which  I  have 
had  the  privilege  to  intrude  in  the  extra-lateral  wrangle,  I  have  consist- 
ently urged  that  locations  should  be  made  in  a  form  resembling  the 
Mexican  "pertenencia"  system;  i.e.,  blocks  of  ground  bounded  on  the 
surface  by  true  squares  of  moderate  size  (or  rather  by  the  lines  of  vertical 
projection  of  a  true  square  upon  the  surface  of  the  ground)  and  bounded 
laterally  by  vertical  planes  passing  through  the  suface  lines. 

About  10  years  ago  there  was  introduced  in  the  House  of  Repre- 
sentatives a  bill  prepared  by  me  and  containing  some  of  the  "innova- 
tions" which  I  advocated.  The  same  bill,  with  a  slight  change,  is  at 
present  being  considered  for  introduction  in  the  U.  S.  Senate,  though  at 
present  overshadowed  by  matters  of  more  urgent  importance,  such  as 
the  Mexican  policy  and  the  Canal  tolls  question.  The  present  text 
of  this  tentative  bill  is  as  follows! 

A  Bill  to  amend  sectionfl  twenty-three  hundred  and  twenty,  twenty-three  hundred 
and  twenty-two,  twenty-three  hundred  and  twenty-three,  and  twenty-three  hundred 
and  twenty-four  of  the  Revised  Statutes  of  the  United  States,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Repreaentativea  of  the  United  States  of 
America  in  Congress  asssTtibled,' 

That  sections  twenty-three  hundred  and  twenty^  twerUy-three  hundred  and  ttoenty^wo, 
twenty^three  hundred  and  ttventy-threej  and  twenty-three  hundred  and  twerUy-four  of  the 
Revised  Statutes  are  hereby  amended  so  as  to  read  as  follows: 

Sec.  2320.  Mining-claims  upon  veins  or  lodes  of  quarts  or  other  rock  in  place 
bearing  gold,  silver,  cinnabar,  lead,  tin,  copper,  or  other  valuable  deposits,  heretofore 
located,  shall  be  governed  as  to  length  along  the  vein  or  lode  by  the  customs,  regular 
tions,  and  laws  in  force  at  the  date  of  their  location.  A  mining-claim  located  after  the 
passage  of  this  act,  whether  located  by  one  or  more  persons,  shall  be  rectangular  in 
form  and  may  equal,  but  shall  not  exceed,  foiu*  contiguous  mining-blocks,  eaoh  of 
which  shall  be  a  square  with  sides  measuring,  as  near  as  may  be,  six  hundred  and  sixty 
feet.  Provided,  however,  if  it  be  impracticable  to  procure  blocks  of  true  squares 
because  of  a  previous  valid  location  the  new  location  shall  be  bounded  on  all  sides  by 
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straight  linee  at  right  angles,  except  along  the  boundary  of  Buoh  location  or  locations. 
No  claim  shall  be  granted  for  an  area  less  than  that  of  a  mining-block,  except  when, 
from  any  cause,  a  grant  of  that  quantity  cannot  be  made.  No  claim  may  be  located 
until  the  discovery  of  a  vein,  lode,  ledge,  or  deposit  within  the  Umits  of  one  of  the 
mining-blocks;  though  a  single  block  may  be  provisionally  claimed  as  a  prospecting 
daim,  in  the  manner  described  in  Section  2323. 

Sec.  2322.  The  locators  of  all  mining-claims  heretofore  located  or  which  shall 
h^eafter  be  located,  on  any  mineral  vein,  lode,  ledge,  or  deposit,  situated  on  the  public 
domain,  their  heirs  and  assigns,  where  no  adverse  claim  exists  at  the  passage  of  this  act, 
80  long  as  they  comply  with  the  laws  of  the  United  States,  and  with  State,  territorial, 
and  local  regulations  not  in.  conflict  with  the  laws  of  the  United  States  governing  their 
possessory  title,  shall  have  the  exclusive  right  of  possession  and  enjoyment  of  aU  the 
surface  included  within  the  lines  of  their  locations,  and  of  all  veins,  lodes,  ledges,  and 
deposits  included  within  the  territory  bounded  by  vertical  planes  passing  through  the 
lines  of  their  locations. 

IVovided,  however,  that  the  locators  of  mining-claims  located  prior  to  the  passage 
of  this  act,  their  heirs  and  assigns,  shall  have  the  right  to  exploit  or  mine  all  veins, 
lodes,  and  ledges  thi;oughout  their  entire  depth,  which  shall  have  been  discovered  by 
the  said  locators  or  their  heirs  and  assigns  and  actually  exploited  or  mined  prior  to  the 
passage  of  this  act,  although  such  veins,  lodes,  or  ledges  may  so  far  depart  from  a 
perpendicular  in  their  course  downward  as  to  extend  outside  the  territory  bounded  by 
vertical  planes  through  the  side-lines  of  the  surface  locations. 

But  their  right  of  possession  to  such  outside  parts  of  such  veins,  lodes,  or  ledges 
shall  be  confined  to  such  portions  thereof  as  lie  between  the  vertical  planes  passing 
through  the  end-lines  of  their  locations.  And  nothing  in  this  section  shall  authorise 
the  locator  or  possessor  of  a  vein,  lode,  or  ledge  which  extends  in  its  downward  course 
beyond  the  vertical  planes  through  the  side-lines  of  his  claim  to  enter  upon  the  surface 
of  a  claim  owned  or  possessed  by  another.  Nor  shall  anything  in  this  section  be  so 
construed  as  to  authorize  any  locator  or  possessor  of  a  mining-claim  to  exploit  or  mine, 
outside  of  the  limits  of  the  territory  bounded  by  vertical  planes  passing  through  the 
lines  of  their  location,  any  vein,  lode,  or  ledge  not  discovered,  exploited,  or  mined  prior 
to  the  passage  of  this  Act,  even  though  the  top  or  apex  of  the  vein,  lode,  or  ledge  may 
be  considered  to  lie  within  the  limits  of  the  above-described  territory.  And  the  failiu'e 
to  exercise  the  right  to  exploit  or  mine  beyond  the  side-lines  of  a  daim  during  a  period 
of  twelve  months  at  any  time  subsequent  to  the  passage  of  this  Act  shall  be  considered 
as  an  abandonment  of  such  rights. 

Sec.  2323.  A  single  mining-block  may  be  provisionally  located  as  a  prospecting 
block  or  prospecting  claim,  before  the  actual  discovery  of  a  vein,  lode,  ledge,  or  deposit; 
and  the  locator  of  a  prospecting  claim  shall  have  the  right  to  sink  shafts,  run  tunnels, 
and  carry  on  other  exploratory  work  for  the  discovery  of  mineral,  within  the  limits  of 
the  block  located.  Locations  of  prospecting  claims,  conflicting  with  prior  locations  on 
which  work  is  being  prosecuted  with  reasonable  diligence,  shall  be  invalid.  And 
failure  to  prosecute  the  work  on  a  prospecting  claim  for  six  months  shall  be  considered 
as  an  abandonment  of  the  right  to  all  undiscovered  veins,  lodes,  ledges  or  deposits 
within  the  limits  of  the  prospecting  block.  But  the  rights  of  the  locator  of  a  pros- 
pecting daim,  as  long  as  it  is  merely  a  prospecting  claim,  shall  not  interfere  with  the 
rights  of  the  locator  of  a  mining-claim  to  choose  such  location  as  he  desires  for  the 
additional  mining-blocks  adjacent  to  the  mining-block  in  which  he  has  actually  dis- 
covered a  vein,  lode,  ledge,  or  deposit  of  mineral. 

Sec.  2324.  The  miners  of  each  mining  district  may  make  regulations  not  in 
conflict  with  the  laws  of  the  United  States,  or  with  the  laws  of  the  State  or  Territory 
in  which  the  district  is  situated,  governing  the  location,  manner  of  recording,  amount 
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of  work  necessary  to  hold  possession  of  a  mining-claim  or  a  prospecting  claim,  subject 
to  the  following  requirements: 

The  location  must  be  distinctly  marked  upon  the  ground  so  that  its  boundaries 
can  be  readily  traced.  All  records  of  mining-claims  hereafter  made  shall  contain  the 
name  or  names  of  the  locators,  the  date  of  the  location,  and  such  a  description  of  the 
claim  or  claims  located  by  reference  to  some  natural  object  or  permanent  monument 
as  will  identify  the  claim.  On  each  mining-claim  located  after  the  passage  of  this 
Act,  and  until  a  patent  has  been  issued  therefor,  labor  shall  be  performed  or  improve- 
ments made  during  each  year,  to  the  value  of  not  less  than  twenty-five  dollars  for  each 
mining-block  or  fraction  thereof.  On  all  claims  located  prior  to  the  passage  of  this 
Act,  not  less  than  one  hundred  dollars  worth  of  labor  shall  be  performed  or  improve- 
ments made  within  eighteen  months  from  the  passage  of  this  Act,  and  each  year 
thereafter  until  a  patent  has  been  issued  therefor;  but  where  contiguous  claims  are 
held  in  common,  such  expenditure  may  be  made  upon  any  one  claim.  And  upon  a 
failure  to  comply  with  these  conditions,  the  claim  or  mine  upon  which  such  failure 
occurred  shall  be  open  to  re-location  in  the  same  manner  as  if  no  location  of  the  same 
had  ever  been  made,  provided  that  the  original  locators,  their  heirs,  assigns,  or  legal 
representatives,  have  not  resumed  work  upon  the  claim  after  failure  and  before  such 
re-location.  Upon  the  failure  of  any  one  of  several  co-owners  to  contribute  his 
proportion  of  the  expenditures  required  hereby,  the  co-owners  who  have  performed  the 
labor  or  made  the  improvements  may,  at  the  expiration  of  the  year,  give  such  delin- 
quent co-owner  personal  notice  in  writing  or  notice  by  publication  in  the  newspaper 
published  nearest  the  claim,  for  at  least  once  a  week  for  ninety  days,  and  if  at  the 
expiration  of  ninety  days  after  such  notice  in  writing  or  by  publication  such  delinquent 
should  fail  or  refuse  to  contribute  his  proportion  of  the  expenditure  required  by  this 
section,  his  interest  in  the  claim  shall  become  the  property  of  his  co-owners  who  have 
made  the  required  expenditures. 

It  is  not  expected,  nor  is  it  entirely  desirable,  that  the  bill  in  its 
present  form  should  be  finally  enacted  as  a  law.  Certain  details  have 
been  incorporated  in  it  simply  for  the  purpose  of  exciting  discussion,  so 
that  when  the  final  draft  shall  have  been  prepared  it  will  contain  the 
features  which  promise  to  afford  the  healthy  stimulation  which  the 
mining  industry  needs: 

The  present  laws  establishing  the  method  of  location  of  mineral  lands 
situated  in  what  are  known  as  the  public  lands  of  the  United  States  of 
America  were  based  upon  mistaken  ideas  as  to  the  nature  of  mineral 
veins  and  deposits.  It  was  apparently  assumed  that  all  deposits  existed 
in  true  fissure  veins  extending  downward  into  the  earth  for  an  indefinite 
distance  and  rarely  departing  any  great  distance  from  the  perpendicular. 

It  was  deemed  just,  by  the  makers  of  the  laws,  that  a  miner  should 
be  entitled  to  mine  throughout  its  depth  any  deposit  whose  apex  or 
highest  point  he  might  discover  in  the  course  of  working  within  the  limits 
of  his  own  claim;  even  though  the  deposit  might  extend  beyond  the 
bounds  of  perpendicular  planes  passing  through  the  side  lines  of  his  own 
claim. 

In  the  course  of  many  years  of  mining  work  carried  on  since  the 
enactment  of  the  present  laws,  it  has  been  learned  that  many  mineral 
deposits  have  a  character  totally  unlike  that  presumed  in  the  original 
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premises.  As  a  consequence,  many  long  and  bitter  fights  have  been 
carried  on  in  the  courts  (and  out  of  court),  involving  claims  to  ore  de- 
posits mined  and  unmined.  The  trend  of  the  deposits,  often  difficult 
to  determine  even  under  peaceful  conditions  of  working,-  has  in  some 
instances  been  greatly  obscured  by  the  dynamiting  of  worked-out  stopes 
by  miners  who  desired  to  give  themselves  the  benefit  of  the  doubt. 

Were  the  limits  set  by  the  definite  bounds  of  vertical  planes  through 
lines  of  surface  ownership,  any  disputes  as  to  the  ownership  of  ore  could 
be  resolved  by  simple  surveying. 

In  the  States  where  there  is  no  Federal  public  land  the  Federal 
mining  laws  do  not  apply.  Thus,  for  example,  in  the  State  of  Michigan, 
in  Houghton  county,  it  was  possible  for  the  Tamarack  Mining  Co. 
to  sink  a  shaft  through  several  thousand  feet  of  barren  rock  in  order  to 
tap  the  celebrated  conglomerate  copper  deposit  worked  from  the  surface 
by  the  Calumet  &  Hecla  Co.  Had  the  Federal  mining  laws  applied  in 
that  district,  the  Calumet  &  Hecla  would  have  enjoyed  a  monopoly 
and  have  left  as  future  ore  reserves  the  deposit  worked  by  the  Tamarack 
Co.  But,  since  rational  laws  governed  the  title  to  the  said  deposit, 
employment  was  given  to  many  thousands  of  men  and  the  sinking  of  the 
deepest  mine  shaft  in  the  world  was  later  justified  by  the  results  ob- 
tained by  the  Tamarack  Co.  Also,  the  sinking  of  the  great  Whiting 
shaft  was  undertaken  by  the  Calumet  &  Hecla  Co.,  partly  due  to  the 
encouragement  induced  by  its  neighbor's  success. 

While  it  is  desirable  to  limit  the  rights'  of  possession  of  ore  deposits 
by  providing  that  all  future  locations  shall  give  definite  possession  within 
the  definite  bounds  of  vertical  planes,  it  is  desirable  that  vested  rights 
(previously  granted  by  laws  which,  however  irrational  they  may  have 
been,  nevertheless  were  the  laws  of  the  land)  should  not  be  taken  away 
during  the  enjoyment  of  said  rights.  But  it  is  not  compatible  with  the 
principles  of  our  government  to  continue  to  sustain  monopolistic  privileges 
of  an  indefinite  character  for  the  benefit  of  those  individuals  or  corpora- 
tions who  neglect  or  refuse  to  exercise  the  indefinite  privileges  either  for 
their  own  benefit  or  for  the  benefit  of  the  community  in  general. 

In  my  opinion  it  would  not  be  correct  to  assume  that  the  annulling 
of  an  unexercised  indefinite  privilege  would  constitute  ex-post-facto 
legislation,  because  from  the  very  nature  of  the  extra-lateral  right  privi- 
lege the  fact  of  the  existence  of  ore  beyond  the  side  lines  of  a  claim  is  not 
demonstrated  to  be  a  fact  until  the  ore  itself  is  uncovered  and  mined. 

It  is  not  claimed  that  the  amendment  of  the  mining  laws  will  prove  a 
universal  panacea  for  all  the  ills  which  at  present  afflict  the  mining 
industry.  But  amendment  along  the  general  lines  as  suggested  by  the 
draft  which  I  have  submitted  would  certainly  tend  to  stimulate  prospect- 
ing activity  and  would  force  the  owners  of  idle  mines  to  either  work  their 
own  mines  or  give  some  one  else  the  right  to  search  for  mineral,  with 
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reasonable  protection  covering  the  enjoyment  of  such  deposits  as  they 
may  find.  It  is  extremely  disconcerting  to  spend  money  in  the  de- 
velopment of  a.  property  and  ultimately  discover  that  the  vein  has  its 
highest  point  under  the  surface  of  another,  with  the  result  that  the  apex 
owner  seizes  all. 

In  any  event,  legislation  should  not  be  undertaken  too  hastily.  Men 
cannot  be  made  honest  by  legislation.  Nor  should  legislators  assume 
that  all  men  are  dishonest  by  inclination.  In  cases  where  this  latter 
assumption  is  made,  the  new  freedom  will  tend  to  resemble  a  modified 
application  of  the  British  criminal  system  of  ticket  of  leave. 

2.  The  suggestion  of  the  appointment  of  official  inspectors  or  Com- 
missioners is  an  excellent  one.  Where  Federal  lands  are  to  be  inspected, 
it  is  rational  that  the  inspectors  should  be  Federal  officers  rather  than 
county  or  State  officers.  The  enlargement  of  the  Bureau  of  Mines,  with 
a  possible  elevation  to  the  status  of  a  Department  of  Mines,  seems  to 
me  to  be  the  best  solution. 

I  know  of  no  person  better  fitted  to  plan  the  adaptation  of  the 
Bureau  of  Mines  to  this  class  of  service  than  the  present  Director  of 
that  Bureau. 

When  the  Congress  shall  have  solved  all  the  urgent  matters  of  trust 
regulation,  inter-oceanic  transportation  tolls  rates,  foreign  relations,  etc., 
perhaps  they  who  dominate  that  joint  legislative  body  will  see  the  wisdom 
of  authorizing  the  Director  of  the  Bureau  of  Mines  to  select  a  Com- 
mission of  practical  miners  and  mining  engineers  to  assist  him  in  drafting 
the  ideal  bill. 
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Why  the  Mining  Laws  Should  be  Revised 

BT  HOBACX  y.   WINCHELL,   MINNEAP0U8,   MINN. 
(New  York  Meeting,  February,  1014) 

Scope  of  Discussion 

Thb  laws  here  referred  to  are  those  which  define  the  status  of  the  pros- 
pector for  mineral  deposits  in  the  soil  or  beneath  it,  establish  his  methods 
of  procedure,  protect  him  in  his  possession  whUe  searching  for  the 
subterranean  treasures,  and  give  him  assurance  of  title  when  all  re- 
quired conditions  have  been  fulfilled  and  valuable  minerals  discovered. 

Regulations  for  the  operation  of  mines  and  the  safety  and  health  of 
mine  employees  are  likewise  subjects  of  Federal  and  State  legislation, 
but  are  not  within  the  scope  of  the  present  program.  Various  features 
of  our  present  laws  will  be  discussed  in  detail  by  able  students  of  the 
subject,  and  specific  remedies  wiU  be  proposed  for  the  most  glaring  de- 
fects. It  is  my  purpose  to  present  in  this  paper  a  summary  review  of 
the  reasons  why  revision  is  needed  and  demanded  by  the  great  majority 
of  those  in  daily  contact  with  the  industry. 

Reason  Numbeb  One 

The  first  objection  to  the  continuance  of  the  present  law  is  that  it 
was  not  planned  by  its  framers  and  the  Congress  which  passed  it  to 
apply  to  many  of  the  kinds  of  mineral  deposits,  nor  to  the  mining  con- 
ditions, which  are  controlled  by  it  to-day.  In  1866,  under  the  title, 
"An  Act  granting  the  right  of  way  to  ditch  and  canal  owners  over  the 
pubUc  lands,  and  for  other  purposes, ''  was  surreptitiously  smuggled  into 
existence  our  first  mining  law  (14  Stats.,  at  Large,  Chap.  262,  p.  251). 
This  law  provided  that  "whenever  any  person  or  association  of  persons 
claim  a  vein  or  lode  of  quartz  or  other  rock  in  place,  bearing  gold,  silver, 
cumabar  or  copper,  having  previously  occupied  and  improved  the  same 
according  to  the  local  customs  or  rules  of  miners  in  the  district  where 
the  same  is  situated,"  etc.,  a  patent  might  be  granted  on  certain 
conditions. 

This  was  evidently  an  Act  intended  to  validate  claims  already  ini- 
tiated, and  to  accord  Federal  recognition  to  mining  locations  made  in 
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accordance  with  the  customs  and  rules  of  the  miners.    And  the  only 
metals  thus  provided  for  were  gold,  silver,  cinnabar,  and  copper. 

In  1872  the  substance  of  our  present  law  was  adopted,  in  an  Act 
amending  the  Act  of  1866,  which  was  enlarged  in  scope  to  include  all 
valuable  deposits  in  lands  belonging  to  the  United  States;  although 
the  limitations  of  the  mining  industry  at  that  time  and  the  idea  in  the 
mind  of  Congress  are  clearly  shown  by  the  more  explicit  wording  of  the 
Act  (now  Section  2320  of  the  Revised  Statutes),  which  specifies  "mining 
claims  upon  veins  or  lodes  of  quartz  or  other  rock  in  place,  bearing  gold, 
sUver,  cinnabar,  lead,  tin,  copper  or  other  valuable  deposits." 

Placers  had  been  made  in  1870  subject  to  entry  in  the  same  way  as 
lodes,  and  by  various  Acts  Michigan,  Wisconsin,  Minnesota,  Alabama, 
Missouri,  and  Kansas  were  fortunately  excepted  from  the  operation  of 
the  mining  law,  although  just  why  they  were  so  favored  remains  an 
interesting  question  for  the  student  of  history. 

In  1892  Congress  placed  deposits  of  building  stone  under  the  placer 
Act  (27  Stats,  at  Large,  p.  348) ;  and  in  1897  the  same  action  was  taken 
with  reference  to  petroleum  (29  Stats,  at  Large,  p.  526) ;  and  stiU  later  in 
1901  the  placer  Act  was  extended  to  saline  lands  (31  Stats,  at  Lai^e, 
p.  146). 

By  these  various  amendments  Congress  acknowledged  that  the 
language  of  the  Act  of  1872  in  reference  to ''  all  valuable  mineral  deposits" 
is  not  to  be  literally  construed;  and  by  passing  other  special  Acts  for 
coal  lands  has  again  indicated  the  incompleteness  and  insufficiency  of 
the  mining  Act  of  1872.  If  we  now  mention  the  fact  that  rare  earths, 
phosphates,  potash  deposits,  natural  gas,  and  sulphur  are  still  unprovided 
for,  or  locatable  under  the  same  conditions  as  gold  and  silver  lodes  or 
placers,  it  will  be  at  once  apparent  either  that  the  law  is  stretched  to-day 
to  cover  much  for  which  it  was  not  intended,  or  that  it  is  in  these  respects 
entirely  deficient. 

Upon  closer  analysis  its  inadequacy  and  unwarranted  extension  be- 
come still  more  plainly  apparent.  The  Act  speaks  of  "veins  or  lodes  of 
quartz  or  other  rock,  bearing  gold,  silver,"  etc.,  and  there  is  no  doubt 
that  only  such  deposits  were  in  the  minds  of  its  framers.  The  only 
mines  of  gold,  silver,  cinnabar,  lead,  tin,  and  copper  in  operation  at  that 
time  in  those  portions  of  the  country  to  which  the  law  was  made  applicable 
were,  or  were  supposed  to  be,  on  true  veins  or  lodes;  and  these  lodes  had 
been  discovered  outcropping  above,  or  lying  immediately  beneath,  the 
loose  surface  materials.  Only  the  richer  ores  were  commercially  valuable 
in  those  days  of  few  railroads  and  fewer  smelters,  of  primitive  metallurgical 
knowledge  and  scarcity  of  technical  graduates;  and  rich  ores  are  the 
peculiar  property  of  those  veins  and  lodes  which  most  nearly  approach 
the  old  text-book  ideal.  Hence  the  law  was  naturally  drawn  to  fit 
such  deposits.    On  this  point  an  eminent  authority  remarks: 
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''The  author  of  the  mining  law  had  in  mind  the  idea  (seldom  realiied)  that  mineral 
veinB  were  always  fissures  nearly  vertical.  The  force  of  that  observation  is  of  peculiar 
significance  here.  Flrom  the  entire  law  the  conclusion  is  irresistible  that  Ck>ngre8S  had 
in  mind  single  distinct  filssures,  standing  almost  vertical,  and  generally  thought  to  be 
distinct  and  separate  from  all  neighboring  veins,  that  is,  independent  of  any  theory 
or  notion  of  sones,  lodes  or  broad  veins.    Moreover,  these  veins  were  susceptible  of 

being  easily  traced  upon  the  surface If  the  author  of  the  law  had  been 

fully  informed  as  to  the  facts  of  vein  formation  as  now  understood;  it  is  very  doubtful 
whether  the  law  would  have  been  enacted  in  its  present  form,  and  more  probable  that 
▼ertical  bounding  planes  would  have  been  the  requirement."^ 

Those  familiar  with  mining  developments  in  the  West  during  the 
past  20  years  can  instantly  appreciate  the  force  of  this  argument;  but 
since  these  pages  are  prepared  for  many  who  have  not  thb  knowledge, 
it  seems  proper  to  go  into  greater  detail. 

Gold  and  silver  ores  are  still  looked  upon  as  typically  found  in  ''veins 
or  lodes  of  quartz."  But  the  most  important  gold-mining  developments 
at  the  present  moment  are  in  low-grade  disseminations  through  schists 
and  eruptive  rocks,  such  as  were  never  dreamed  of  by  those  who  framed 
the  law  of  1872.  Indeed,  the  Homestake,  the  Alaska  Treadwell,  and 
neighboring  properties  in  Alaska,  the  majority  of  the  mines  at  Leadvilie, 
the  mines  of  the  Kendall  district,  Montana,  and  of  many  other  gold  and 
silver  districts  in  the  United  States,  to  say  nothing  of  those  in  other  coun- 
tries, are  so  different  from  the  deposits  for  which  the  law  was  created  that 
only  by  a  wide  stretch  of  both  the  law  and  the  imagination  have  they  been 
brought  within  its  provisions.  It  is  noteworthy,  too,  in  connection  with 
the  apex  rights  which  the  law  purported  to  grant  and  which  the  miners 
were  supposed  to  favor,  that  the  statutes  were  not  only  ignored  by 
miners  in  the  flat  veins  at  Leadvilie,  but  so  persistently  and  successfully 
rejected  by  all  juries  before  whom  mining  cases  have  been  considered  that 
it  has  there  become  an  unwritten  law  that  there  are  no  extra-lateral 
ri^ts,  no  matter  what  the  patents  pretend  to  convey. 

Take  next  the  copper  mines.  How  many  of  those  developed  within 
the  past  15  years  conform  to  the  idea  of  the  law  of  18727  Not  Ely,  nor 
Bingham  (although  in  both  places  there  are  also  found  true  veins),  nor 
Ray,  nor  Chino,  nor  Miami.  And  here  again  the  owners  of  the  mines 
have  found  it  necessary  by  mutual  agreements  to  set  aside  the  apex  pro- 
visions of  the  law.  But  my  point  is  here  simply  that  all  these  great  mines 
present  features  which  place  them  entirely  outside  the  category  of  de- 
posits contemplated  by  Congress  at  the  time  the  present  law  was  enacted. 
And  if  the  northern  States  of  the  Mississippi  basin  had  not  been  excepted 
from  the  operation  of  this  law,  then  we  might  have  had  the  copper-bearing 
amygdaloids  and  conglomerates  of  Michigan,  the  iron-ore  beds  of  Michigan, 
Wisconsin,  and  Minnesota,  and  the  galena-bearing  limestone  strata  of 
Missouri  and  Kansas  also  locatable  as  mining  claims.    Indeed,  they  are 

>  Snyder  on  Minea,  Ed.  1002,  vol.  i,  pp.  66  to  1668. 
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just  as  truly  veins  and  lodes  as  many  deposits  now  being  worked  in  the 
mining  States.  What  a  harvest  that  would  have  afforded  for  mining 
lawyers  and  expert  witnesses!  The  entire  Mesabi  range,  180  miles  in 
lengthy  might  have  been  claimed  as  a  single  lode  by  a  very  few  locators  on 
the  outcrop,  starting  with  geologist  H.  H.  Eames,  who  did  actually  file 
mining  locations  on  it  at  Prairie  River  falls  in  1866.  Of  course,  there  has 
never  been  an  apex  suit  in  Michigan,  Wisconsin,  or  Minnesota.  Such  a 
thing  is  impossible.  But  there  would  have  been  an  epidemic  of  them  if 
wise  previous  legislation,  giving  the  mineral  lands  to  the  States,  and  wise 
later  legislation,  explicitly  excepl^ing  them  from  the  operation  of  the 
Federal  law,  had  not  prevented  that  disaster. 

Reason  Number  Two 

The  second  objection  to  the  present  law  is  that  it  discourages  prospect- 
ing and  the  discovery  and  development  of  new  mines.  Thia  is,  perhaps, 
the  most  serious  charge  that  can  be  brought  against  it.  Indeed,  if 
proved,  it  is  alone  sufficient  to  justify  the  demand  for  revision.  Travers- 
ing again  ground  already  covered  in  this  connection  elsewhere,  let  us  for 
a  moment  consider  the  changes  that  have  come  about  in  the  West  during 
the  past  40  years.  In  the  60's  and  70's  there  were  but  imperfect  maps; 
no  geological  surveys,  no  published  records  or  data  competent  as  guides 
for  the  prospector.  The  great  West  was  boundless  and  inexhaustible  and 
mysterious  and  alluring.  It  contained  mines  of  wealth  untold,  and 
anybody  could  find  one  by  diligent  search.  So,  with  his  pick,  prospector's 
pan,  and  pack  train,  the  pioneer  searcher  for  fortune  betook  himself  into 
the  heart  of  the  wilderness.  And  wherever  some  one,  luckier,  sharper  of 
vision  or  more  industrious  than  his  fellows,  chanced  upon  an  outcrop, 
there  he  made  his  location,  and  to  that  spot  was  promptly  followed  by 
scores  of  others.  And  they,  turning  over  the  soil  or  working  the  gol^n 
gravels  or  trenching  the  surface  debris,  also  found  outcropping  ledges  and 
staked  out  their  locations;  and  a  camp  was  established.  And  when  so 
many  gathered  together  in  one  camp  that  rules  for  their  conduct  were 
needed,  including  public  recognition  of  the  individual's  right  to  the  fruits 
of  his  discovery,  then  a  meeting  was  held,  a  mining  district  was  organized, 
and  rules  were  adopted;  and  these  rules  had  the  force  of  law.  The  mines 
were  in  their  infancy,  depth  had  not  been  attained,  and  the  only  definite 
feature  of  many  a  claim  was  the  outcropping  lode  or  "discovery."  In 
that  way,  and  for  that  reason,  a  discovery  was  made  the  sine  qua  7um  of 
a  valid  location,  and  this  provision,  universally  adopted  by  the  mining  dis- 
tricts, was  incorporated  into  the  laws  of  1866  and  1872.  It  worked  well  for 
a  time.  Mines,  or  at  least  veins,  were  easily  discovered;  and  until  a  pros- 
pector had  found  one  he  seldom  cared  to  stake  a  claim.  But  soon  it  was 
found  that  value  attached  to  quartz  locations  in  the  vicinity  of  good 
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mines,  even  without  a  discovered  vein,  and  many  locations  were  made  on 
barren  comitry  rock.  Moreover,  the  land*office  officials  were  complai- 
sant, and  had  no  means  for  ascertaining  the  truth  or  falsity  of  the 
affidavits  of  discovery;  and  often  claims  were  patented  upon  a  showing  of 
the  expenditure  of  the  required  amount  in  development  work,  although  no 
vein  had  ever  been  discovered.  As  the  West  became  settled  and 
threaded  with  railroads,  two  changes  of  gradual  development  accom- 
plished results  of  startling  and  vital  importance  to  the  miner.  In  the  first 
place,  it  became  exceedingly  difficult  to  find  any  more  outcropping 
lodes.  All  the  typical  quartz  veins  carrying  gold,  silver,  etc.,  were 
located — at  least,  all  those  whose  "fron  hats"  compelled  attention. 
No  longer  could  a  prospector  ajid  his  ''pardner"  with  a  burro  and  a 
two-month  grub-stake  find  half  a  dozen  promising  ledges,  and  sell  their 
locations  for  a  year's  wage.  In  the  second  place.  Uncle  Sam  woke  up  and 
said  the  law  requires  a  discovery  of  valuable  mineral  in  place,  and  a 
mining  claim  is  not  valid  until  it  is  found;  and  began  sending  out  inspect- 
ors and  special  agents  and  forestry-bureau  employees  and  others  to  ascer- 
tain the  character  of  these  discoveries.  And  for  a  time,  a  good  long  time 
too,  the  prospector  was  looked  upon  as  an  interloper,  a  rogue,  a  land  thief, 
who  was  presumed  to  be  guilt>'  of  perjury  until  he  proved  his  good  faith. 
Unable  to  stand  against  these  two  discouraging  obstacles,  the  increasing 
difficultyof  finding  unlocated  lodes,  and  the  expense  of  defending  contests 
brought  against  him  by  relays  of  government  agents,  the  prospector  threw 
up  his  hands  and  practically  .disappeared,  either  went  out  of  business  or 
moved  to  spme  more  salubrious  clime,  where  inspectors  cease  from  troub- 
ling and  the  weary  none  contest. 

Lest  my  statements  as  to  the  fundamental  necessity  for  a  discovery 
before  the  completing  of  a  valid  location  be  questioned,  it  may  be  well  to 
quote  a  few  court  opinions  on  that  point. 

In  a  recent  decision  the  Supreme  Court  of  the  United  States  uses  the 
following  language: 

''While  the  statute  does  not  prescribe  what  is  necessary  to  constitute  a  discovery 
ander  the  mining  laws  of  the  United  States,  it  is  essential  that  it  give  reasonable 
evidence  of  the  fact  either  that  there  is  a  vein  or  lode  carrying  precious  minerals,  or 
if  it  be  claimed  as  placer  ground,  that  it  is  valuable  for  such  mining,  and  when  there 
is  not  enough  in  what  the  locator  claims  to  have  seen  to  justify  a  prudent  person  in 
the  expenditure  of  money  and  labor  in  exploitation,  this  court  will  not  overthrow  a 
finding  of  the  lower  court  that  there  was  no  discovery.  It  is  the  policy  of  the  Govern- 
ment to  favor  the  development  of  mines  of  gold  and  silver  and  other  minerals,  and 
every  facility  is  afforded  for  that  purpose,  but  it  exacts  a  faithful  compliance  with  the 
conditions  required.  There  must  be  a  discovery  of  mineral  and  a  sufficient  explora- 
tion of  the  ground  to  show  this  fact  beyond  question.  If  the  lands  contain  gold  or 
other  valuable  deposits  in  loose  earth,  sand  or  gravel,  which  can  be  secured  with  pro- 
fit, that  fact  will  satisfy  the  demand  of  the  Government  as  to  the  character  of  the  land 
as  placer  ground."* 

*  Mining  and  Scientific  Press,  vol.  cvii,  No.  15,  p.  597  (Oct.  11,  1913). 
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The  Supreme  Court  of  the  United  States  in  Erhardt  vs.  Boaro,  113 
U.  S.,  527-536,  has  given  us  an  interpretation  of  this  provision  as  follows; 

''A  mere  posting  of  a  notice  on  a  ridge  of  rocks  cropping  out  of  the  earth  or  on  other 
ground,  that  the  poster  has  located  thereon  a  mining  claim,  without  any  disoovery  or 
knowledge  on  his  part  of  the  existence  of  metal  there,  or  in  its  immediate  vicinity, 
would  be  justly  treated  as  a  mere  speculative  proceeding  and  would  not  of  itself  ini- 
tiate any  right.  There  must  be  something  beyond  a  mere  guess  on  the  part  of  the 
miner  to  authorize  him  to  make  a  location  which  will  exclude  others  from  the  ground, 
such  as  the  discovery  of  the  presence  of  the  precious  minerals  in  it,  or  in  such  proxi- 
mity to  it  as  to  justify  a  reasonable  belief  in  their  existence.  Then  protection  will  be 
a£forded  to  the  locator  to  make  the  necessary  excavations  and  prepare  the  proper 
certificate  for  record/' 

Again  in  Chrisman  vs.  Miller,  197  U.  S.,  313--323: 

''There  must  be  such  a  discovery  of  mineral  as  gives  reasonable  evidence  of  the 
fact  either  that  there  is  a  vein  or  lode  carrying  the  precious  mineral,  or  if  it  be  claimed 
as  placer  ground,  that  it  is  valuable  for  such  mining.'' 

In  Waskey  vs.  Hammer,  223  U.  S.,  85-90,  a  placer  case,  the  U.  S. 
Supreme  Court,  on  Jan.  22,  1912,  held: 


''The  mining  laws  ....  make  the  discovery  of  mineral  within  the  limits  of  the 
claim '  a  prerequisite  to  the  location  of  a  claim,  whether  lode  or  placer,  the  purpose  being 
to  reward  the  discoverer  and  to  prevent  the  location  of  land  not  found  to  be  mineral." 

The  order  of  grant  is  not:  Free  occupancy  for  exploration  and  then 
minerals  if  you  find  them;  but  is:  Free  minerals  that  have  been  found, 
and  then  possession  with  the  right  to  appropriate  them.  This  is  con- 
clusively shown  by  the  decision  of  the  U.  S.  Supreme  Court  in*  the  case  of 
Belk  vs.  Meagher,  104  U.  S.,  284,  wherein  the  court  said: 

"The  right  to  the  possession  comes  only  from  a  valid  location.  Consequently,  if 
there  is  no  location  there  can  be  no  possession  under  it.  Location  does  not  necessarily 
follow  from  possession,  but  possession  from  location." 

Upon  this  point  we  have  the  language  of  former  Secretary  Fisher,  as 
follows: 

"It  is  becoming  increasingly  evident  that  the  lode  law  needs  changes  in  one  respect, 
at  least.  The  law  at  present  does  not  provide  for  the  creation  of  any  rights  in  sup- 
posedly mineral  land,  except  by  the  issuance  of  patents,  and  in  that  regard  congress 
has  provided  that  a  patent  can  follow  only  on  a  legal  location  and  has  said  'but  no 
location  of  a  mining  claim  shall  be  made  until  the  disoovery  of  the  vein  or  lode  within 
the  limits  of  the  claim  located.'  As  long  as  congress  desires  to  adhere  to  the  policy 
at  present  embodied  in  statute  law  of  disposing  of  mineral  land  absolutely,  the  law 
quoted  above  tends  fairly  well  to  the  development  of  mineral  properties  where  the  ore 
can  be  discovered  at  or  near  the  surface  of  the  ground,  but  it  seems  to  be  ill  calculated 
for  a  district  where,  as  is  the  case  notably  in  some  of  the  copper  mining  districts,  the 
ore  lies  at  depths  of  hundreds  and  sometimes  thousands  of  feet.  The  expense  of 
actual  discovery  of  the  vein  or  lode  within  the  limits  of  any  particular  daim  in  such 
cases  involves  deep  exploration,  either  by  drilling  or  by  the  sinking  of  a  shaft  from 
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the  surface,  or  the  extension  of  a  tunnri  into  the  claim.  Either  of  these  operations 
may  involve  great  expenaei  and  it  has  been  repeatedly  urged  on  the  department  that 
investors  are  reluctant  to  spend  the  money  required  without  further  assurance  than 
the  law  as  it  reads  at  present  can  give  them.  On  this  ground  the  department  has  been 
strenuously  pressed  to  so  construe  the  law  as  not  to  require  an  actual  discovery  of 
the  lode  which  is  supposed  to  exist  within  each  daim,  but  to  patent  the  claims  upon 
evidence  of  the  existence  of  tuneral  at  or  near  the  surface  wholly  disconnected  with 
the  supposed  lodes  below  and  of  no  value  in  itself,  either  present  or  prospective,  it 
having  been  further  urged  that  in  these  cases  it  was  a  matter  of  geological  inference 
that  ore  bodies  did  exist  far  below  the  surface. 

"It  is  obviously  the  duty  of  the  department  to  carry  into  effect  the  intention  of 
congress  expressed  in  statutory  foi^m.  Congress  having  said  that  no  lode  claim  should 
be  patented  without  discovery  of  the  vein  or  lode,  within  the  limits  of  the  claim,  it 
would  be  an  evident  usurpation  of  power  for  this  department  to  patent  lode  mining 
claims  without  proof  of  actual  discovery.  The  frequently  repeated  assertions  that 
the  recent  rulings  of  the  department  have  overturned  interpretations  placed  upon 
the  law  for  30  years  seem  utterly  without  foundation,  as  is  pointed  out  in  the  recent 
departmental  decisions.  On  the  contrary,  had  the  department  decided  that  it  could 
dispense  with  actual  discovery  it  would  have  overturned  the  practically  unanimous 
holdings  both  of  the  courts  and  of  the  department  ever  since  the  enactment  of  the  lode- 
mining  law.  Doubtless  in  some  cases  claims  have  been  patented  where  there  was 
little  or  no  proof  of  actual  discovery,  but  the  patenting  of  such  claims  is  evidently 
to  be  laid  to  a  misapprehension  of  the  facts  by  employes  of  the  land  office,  and  not  to  a 
misconstruction  of  law  by  the  department. 

"It  seems,  however,  possible  by  a  change  in  the  law  to  keep  in  force  the  policy  of 
the  government  expressed  in  the  mining  law  of  rewarding  the  actual  discoverer  of 
valuable  veins,  while  at  the  same  time  giving  such  protection  during  the  work  prelimi- 
nary to  actual  discovery  as  would  make  it  possible  for  capital  to  invest,  taking  no 
more  risk  than  that  inherent  in  the  question  whether  there  is  or  is  not  in  fact  valuable 
mineral  in  the  place  where  it  is  sought.  I  suggest  that  the  law  should  be  amended 
so  as  to  give  a  prospector,  for  a  term  of  years,  an  exclusive  right  of  possession  and  of 
prospecting  within  a  limited  area  of  land.  In  case  actual  discovery  were  made  within 
the  time  given,  patent  would  issue.  The  prospector  should  be  obliged  to  perform  a 
reasonable  amount  of  work  during  the  existence  of  the  permit  in  order  to  make  evi- 
dent his  good  faith  in  attempting  to  find  mineral  within  the  limits  of  the  claim.  He 
should,  however,  be  given  the  right  by  proper  proceedings,  to  settle  disputed  questions 
of  intervening  claims,  both  in  case  of  conflict  with  other  mineral  claims  and  also  cases 
of  conflict  with  agricultural  claimants,  so  that  he  might  at  the  earliest  possible  moment 
know  whether  or  not  his  title  would  be  absolutely  clear  upon  his  making  discovery." 

Some  of  the  State  courts  have  carried  this  discovery  requirement  to 
a  surprising  but  perhaps  logical  extreme.  Thus  the  Supreme  Court  of 
Montana'  holds,  in  Butte  Consolidated  Mining  Co.  vs.  Samuel  Barker, 
Jr.,  35  Mont.,  327,  that 

"The  only  way  the  locator  of  a  quartz  lode  mining  claim  can  manifest  his  inten- 
tion to  claim  the  ground  embraced  within  his  boundaries  in  good  faith  under  the  min- 
ing laws  is  by  means  either  of  a  discovery  shaft  or  a  cross-cut  sunk  or  made  from  an 
opening  upon  the  claim  sought  to  be  located  and  not  upon  groimd  over  which  he  has 
not  complete  control  as  a  matter  of  right  or  from  which  he  may  be  excluded  at  any 
time  at  the  option  of  another." 

What  a  contrast  this  presents  to  the  laws  of  many  countries  where 
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the  discoverer  of  valuable  minerals,  even  upon  privately  owned  land,  is 
entitled  to  work  the  mines,  in  some  cases  sharing  with  the  landlord, 
and  in  others  merely  compensating  him  for  any  damages  done  to  the 
surface.    Is  our  law  an  encouragement  to  prospectors? 

The  discovery  of  mineral  deposits  is  no  longer  an  incident  of  a  sum- 
mer vacation.  The  prospector  of  the  future  must  possess  more  expensive 
equipment,  greater  technical  knowledge,  and  a  larger  exchequer,  and 
his  operations  must  perforce  be  conducted  through  shafts,  tunnels,  and 
drill  holes,  in  some  instances  taking  years  of  diligent  and  well-directed 
effort.  The  requirement  of  a  discovery  before  location  and  antecedent 
to  the  granting  of  any  exclusive  possessory  title  is  therefore  not  only 
irksome  and  deterrent  of  results  in  practice,  but  wrong  in  principle. 

The  laws  of  most  countries  recognize  the  fact  that  ore  deposits  are 
subterranean  and  in  many  cases  only  to  be  found  by  digging,  and  in  thus 
reversing  the  natural  order  of  things  we  are  conspicuously  alone. 

Reason  Number  Three 

The  next  feature  of  our  present  mining  law  to  be  criticised  is  the 
almost  universally  condemned  "apex"  or  "extra-lateral"  right  by  which 
the  miner  is  allowed  to  follow  his  vein  beneath  the  surface  of  land  owned 
by  another.  This  has  been  already  mentioned  incidentally,  but  merits 
further  special  consideration.  Its  unpopularity  is  shown  by  the  fact 
that  of  the  replies  in  the  nature  of  votes  upon  this  question  submitted 
in  response  to  letters  of  inquiry  sent  out  by  the  Committee  on  Mining 
Law  of  the  Mining  and  Metallurgical  Society  of  America,  less  than  5 
per  cent,  were  in  favor  of  its  retention.  A  few  expressions  of  opinion 
by  men  competent  to  bear  testimony,  published  in  the  BuUetin  of  the 
Mining  and  Metallurgical  Society  and  elsewhere,  are  as  follows: 

George  J,  Bancroft,— r"  I  think  the  extra  lateral  right  principle  should  be  done  away 
with." 

Robert  N,  Bell  (State  Mine  Inspector,  Boise,  Idaho). — "I  would  advocate  the 
abolition  of  the  abortive  extralateral  right  principle  for  all  future  mineral  locations. 
The  planes  should  be  vertical  and  boundaries  absolute." 

Eliot  Blackwelder. — '*As  to  the  extralateral  rights  principle,  it  seems  to  me  in- 
herently bad.  In  view  of  the  difficulty  of  tracing  many  geological  structures  under- 
ground, and  the  still  greater  difficulty  of  predicting  them  in  advance  of  actual  mine 
work,  I  cannot  see  how  this  principle  can  fail  to  be  a  fruitful  source  of  dispute  and 
litigation  in  all  but  the  simplest  districts." 

Jizan  Felix  Brandes. — "The  apex  law  should  be  discarded  and  boundaries  made 
vertical." 

R.  W.  Brightstocke. — "I  never  had  any  sympathy  for  the  extralateral  rights  prin- 
ciple on  account  of  the  difficulties  in  regard  to  settlement,  of  which  we  have  had  ample 
records." 

R,  B,  Brinsnuide, — "Extralateral  rights  should  be  abolished." 

R.  W.  Brock,  Director  of  the  Canadian  Geological  Survey,  saya:  "I  do  not  think 
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the  extnlaleral  prinoiple  should  be  retained.    It  was  tried  in  Canada  and  was 
abandoned." 

D.  W.  Brunton,  former  President  of  this  Institute  and  of  the  American 
Mining  CongresSi  in  his  presidential  address  to  the  latter  uses  the  fol- 
lowing language: 

"It  is  a  most  unusual  thing  for  a  mine  to  find  its  way  into  the  producing  stage 
without  having  to  fight  one  or  more  'apex'  lawsuits,  and  all  because  our  legislatures  in 
1872  gave  us  the  most  archaic  law  that  was  ever  placed  on  the  statute  books.  No 
other  nation  possesses  such  an  antiquated,  absurd,  and  irrational  mining  law,  which, 
no  matter  what  it  was  intended  to  do,  has  only  resulted  in  a  continued  expense  and 
annoyance  to  mine  owners  and  big  fees  to  lawyers  and  experts.  .  .  .  One  of  the 
most  disastrous  effects  of  this  continuous  litigation  is  to  frighten  capitalists  away  from 
mining  investments,  because  observing  Eastern  investors  have  learned  that  the 
discovery  of  a  new  mine  carrying  rich  ore  is  almost  certain  to  be  the  beginning  of  the 
most  expensive  and  interminable  litigation."' 

Alexander  BvrreU. — ''  I  am  in  favor  of  eliminating  the  absurd  practice  of  attempting 
to  dispose  of  dips,  spurs  and  angles  for  mining  claims.  There  should  be  no  extra- 
lateral  rights." 

Geo.  E.  Collins f  President  of  the  Ck>lorado  Scientific  Society,  says:  "The  extra- 
lateral  right  principle  should  be  abolished,  excepting  in  areas  where  it  exists  already." 

W.  L.  Cuminge. — "  No  extralateral  rights  in  any  case  should  be  sanctioned  by  law." 

Thomas  L.  Darby. — ''The  extralateral  rights  principle  should  not  be  continued  in 
any  future  locations  of  mineral  lands." 

Algernon  Del  Mar. — "If  the  present  system  of  alienation  is  continued,  we  should 
abolish  the  extralateral  rights,  and  make  all  mining  claims  conform  to  the  rectangu- 
lar boundaries  projected  vertically  downward;  but  no  existing  rights  should  be  put 
in  jeopardy." 

Francis  Drake  says:  "Every  effort  should  be  made  to  do  away  with  the  extra- 
lateral  rights  principle.  .   .   .     All  boundaries  should  be  vertical." 

E.  E.  EUis. — "If  the  present  system  of  alienation  of  title  is  retained  the  system 
of  vertical  boundaries  to  claims  should  undoubtedly  be  adopted." 

N.  H,  Emmons  says:  "  Under  no  condition  should  the  extralateral  rights  principle 
be  retained  in  any  law  of  the  United  States." 

J.  R.  Firday  says:  "The  principle  of  granting  extralateral  rights  should  be 
abolished." 

H.  C,  Fergiisan,  recently  of  the  Mining  Bureau  of  the  Philippine  Islands,  says: 
"I  believe  there  can  be  no  question  that  the  extralateral  right  has  been  a  source  of 
endless  litigation  and  uncertainty,  and  that  even  if  nothing  more  is  done,  its  abolition 
would  be  a  great  step  in  advance." 

Jno.  C.  FleschhuU. — "The  extralateral  right  should  be  discontinued." 

Ernest  Le  Neve  Foster  says:  "I  am  utterly  opposed  to  the  extralateral  rights 
principle,  having  been  intimately  connected  with  its  working  since  1872  and  intimately 
mixed  as  an  expert  in  a  large  amount  of  the  litigation  caused  by  it  in  the  State  of  Colo- 
ndo.  Its  effect  to  my  mind  is  that  it  is  a  source  of  litigation,  blackmail  and  quibbling, 
and  often  results  in  unfair  verdicts  by  juries." 

R.  W.  Hodden  says:  "I  do  not  believe  in  the  extralateral  right.  It  has  been  the 
cause  of  imtold  litigation,  and  has  caused  great  hardships  both  to  the  original  locator 
on  an  apex,  and  a  bona  fide  locator  of  a  claim  bordering  the  side  lines  of  the  apex 
claim." 


» Mining  and  Scientific  Press,  vol.  cvii.  No.  21,  p.  815  (Nov.  22,  1913). 
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H.  C.  Hoover  pithily  remarks:^  ''Lest  the  Americans  think  that  the  apex  law  was 
a  sin  original  to  themselves,  we  may  mention  that  it  was  made  use  of  in  Europe 
a  few  centuries  before  Agricola,  who  will  be  found  to  set  it  forth  with  great 
precision." 

E.  B,  Howell  says:  "I  am  opposed  to  the  doctrine  of  extralateral  rights.  It 
would  be  all  right  if  mineral  veins  maintained  their  identity  and  continuity  with  depth, 
but  they  do  not,  and  the  inevitable  result  is  litigation." 

Murray  Innes. — ''Extralateral  rights  benefit  lawyers  only  and  should  be  promptly 
done  away  with." 

C,  E.  Jamison. — "It  is  my  opinion,  in  which  I  believe  the  great  majority  of  the 
people  of  Wyoming  concur,  that  the  present  mining  laws  should  be  revived  somewhat 
along  the  following  lines: 

"  (A)  Doing  away  with  extralateral  rights,  although  recognizing  all  rights  pre- 
viously conferred,  etc." 

Frederic  Keffer. — "To  abolish  one  fruitful  cause  of  mining  litigation,  and  to  render 
it  possible  for  the  most  unlearned  man,  without  the  aid  of  courts  or  lawyers,  to  know 
what  was  his  and  what  the  other  man's,  I  would  do  away  absolutely  with  the  extra* 
lateral  rights." 

J,  F,  Kemp, — "Practically  everyone  familiar  with  the  uncertainties  and  difficulties 
of  the  present  laws  involving  apex  rights  to  lode  claims,  must  have  a  profound  con- 
viction of  their  unsatisfactory  nature  and  must  be  desirous  of  seeing  future  locations 
made  upon  a  different  basis." 

Alfred  C.  Lane. — "The  extralateral  rights  principle  should  not  be  retained." 

Francis  C.  Lincoln. — "Extralateral  rights  should  be  abolished  and  vertical  side 
lines  substituted." 

Henry  Louis. — "  Mineral  concessions  should  in  every  case  be  rectangles  of  a  suitable 
size,  and  mineral  rights  should  be  bounded  by  vertical  planes;  I  can  see  no  justifi- 
cation for  the  law  of  the  apex  and  extralateral  rights." 

Hugh  F,  Marriott. — "In  the  future  all  boundaries  should  be  vertical  without  any 
exception  whatever." 

Waller  McDermoU. — "Extralateral  rights  are  based  on  a  supposed  regularity  of 
deposits  which  does  not  exist  in  nature.  All  the  experience  of  the  United  States  is 
directly  opposed  to  it  in  practice;  it  is  unworkable  and  has  had  to  be  dodged  by 
agreements,  by  local  rulings  of  courts,  or  by  death  of  litigants." 

PhUip  N.  Moore. — "The  extralateral  rights  principle  should  not  be  retained  in  any 
circumstances;" 

Henry  S.  Munroe. — "I  believe  that  the  extralateral  right  should  be  omitted  from 
all  sales  of  mineral  land  in  the  future  and  that  provision  should  be  made  for  the 
extinguishment  of  all  existing  extralateral  rights  by  condemnation  proceedings,  even 
should  this  require  a  constitutional  amendment,  unless  such  rights  are  utilized  within 
a  definite  period  of  years  from  the  date  of  the  passage  of  the  new  law." 

E.  E.  OlcoU. — "I  should  most  unequalifiedly  suggest  the  abandonment  of  the 
extralateral  rights  principle  in  every  possible  form  it  may  have  assumed  heretofore. 
It  has  been  one  of  the  greatest  nuisances  in  the  American  mining  law,  and  I  believe 
was  originally  implanted  in  that  law  with  the  idea  of  creating  strife  and  friction  and 
business  for  certain  classes  of  professional  men." 

R.  W,  Raymond. — "Apart  from  the  mischievous  extralateral  right,  the  greatest 
cause  of  confusion  and  waste  in  those  mining  districts  of  this  country  which  have  been 
afl3icted  by  our  mineral  land  law,  has  been  the  lack  of  public  surveys." 

M.  L.  Requa. — "Extralateral  rights  should  be  abolished." 

L.  D.  Ricketts. — "I  thoroughly  believe  in  giving  a  right  to  the  mineral  only  verti« 
cally  underneath  the  surface  area  claimed." 

« Translation  of  Agricola's  De  Re  MetaUica,  p.  83. 
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F.  L.  Sizer, — ''By  all  means,  the  square  location,  with  limiting  vertical  planes 
through  all  lines,  should  be  adopted  and  the  menace  of  extralateral  rights  litigation 
forever  disposed  of,  so  far  as  future  grants  are  concerned." 

Geo.  Otis  Smith,  Director  of  the  U.  S.  Geological  Survey,  says:*  "This  law  has 
proven  more  productive  of  expensive  litigation  than  of  economical  minmg,  and  m 
many  of  the  more  recently  established  and  more  progressive  mining  districts  lias  been 
made  inoperative  either  by  common  agreement  or  by  compromise  between  adjoining 
owners." 

Warren  D.  Smith. — "  I  think  our  present  mining  law  in  the  United  States  is  about 
as  out-of-date  and  crude  an  affair  as  any  public  statute  I  have  seen.  It  must  have 
been  framed  either  by  farmers  or  lawyers,  as  no  sane  mining  man  would  perpetrate 
such  a  thing  on  an  innocent  country." 

Benjamin  B.  Thayer, — ''The  mining  daim,  instead  of  being  1,500  ft.  in  length  by 
600  ft.  in  width,  shall  be  1,500  ft.  square,  the  underground  boundaries  to  be  deter- 
mined by  vertical  planes  projected  through  the  side  lines." 

R.  H.  Toll. — "in  any  case  I  believe  in  vertical  boundaries." 

Arthur  H.  Wethey. — "The  extralateral  rights  principle  has  been  a  most  fruitful 
source  of  litigation.  In  future  patents  it  would  be  well  to  increase  the  area  of  quarts 
claims  and  restrict  ownership  to  the  mineral  beneath  the  surface." 

Montana  Society  of  Enffineera,  Butte,  Mont. — "We  would  recommend  that  the 
area  of  mining  claims  be  increased,  and  that  the  ownership  of  the  mineral  be  limited 
by  vertical  end  and  side  planes." 

John  E.  Hardman. — "To  keep  the  extralateral  right  any  longer  in  the  statute 
books  of  the  United  States  would  be  a  crime;  in  my  personal  opinion,  and  in  conse- 
quence of  my  Colorado  experience,  I  regard  the  insertion  of  the  maintenance  of  the 
extralateral  rights  principle  a  blot  on  the  civilization  of  the  United  States  and  I  have 
no  hesitation  whatsoever  in  saying  that  that  feature  of  the  American  law  should  be 
abolished  absolutely  and  forever." 

P.  A.  Roes. — "But  most  important  of  all  is  the  'square  location' — without  ear- 
tralateral  rights — ^by  which  is  removed  the  most  fruitful  source  of  United  States  mining 
litigation  and  its  attendant  evOs." 

Maurice  CodweU. — "The  apex  difficulties  do  not,  of  course,  come  up  in  Mexico, 
and  it  would  seem  that  the  system  followed  in  that  country  is  better  in  every  way 
than  that  demanded  by  the  United  States  Government." 

Kirby  Thomas. — "  I  believe  that  the  Mexican  system  of  locating  by  Tpertenenciae, 
100  meters  square,  with  no  extralateral  rights,  is  satisfactory,  and  better  than  the 
American  system  of  apex." 

J,  F.  W.  Murdoch. — "Not  being  a  lawyer  nor  a  'mining  expert,'  I  believe  that  ex- 
tralateral rights  ought  to  be  abolished." 

A,  Montgomery  (State  Mining  Engineer  of  Western  Australia,  Perth,  W.  A.). — 
"The  lateral  rights  principle  obtaining  in  portions  of  the  United  States  is  a  standing 
marvel  to  the  rest  of  the  world,  and  that  it  could  be  seriously  proposed  to  perpetuate 
it  outside  of  cases  in  which  it  has  unfortunately  been  already  granted  seems  incred- 
ible to  most  outside  engineers  with  whom  I  have  come  in  contact." 

Oearge  W.  Riter. — "  Elliott  Lord  says  that  during  the  first  seven  years  on  the  Com- 
stock  Lode,  twelve  leading  companies  were  involved  in  245  law  suits,  nearly  all  of 
which  were  over  the  right  of  possession.  (Gomstock  Mining  and  Miners;  Mono- 
graph IV f  U.  S.  Geological  Survey,  1883,  p.  177).  On  a  smaller  scale,  every  other 
mining  region  goes  through  a  similar  experience  whenever  rich  ore  is  found." 

Frederick  F.  Sharpless. — "Vertical  boundaries  should  be  adopted  and  the  extra- 
lateral  rights  principle  abandoned." 

•  Thiriy-seeand  Anntud  Report,  U.  S,  Geological  Survey,  p.  15  (1911). 
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An  occasional  word  is  spoken  in  favor  of  -the  apex  law.  Its  sup- 
porters are  not  numerous.  They  can  be  divided  into  three  classes: 
first,  those  who  are  not  familiar  with  its  working  by  actual  experience, 
or  who  speak  without  careful  reflection;  second,  those  who  believe  that, 
although  it  has  been  the  source  of  trouble  and  expense  in  the  past,  yet 
there  is  but  little  likelihood  of  such  annoyance  in  the  future,  that  all  con- 
troverted cases  have  been  litigated  and  all  doubtful  questions  settled  by 
court  decisions,  or  that  the  mines  have  all  been  found  and  it  is  not 
worth  while  to  make  a  change  at  this  late  day;  third,  those  who  are  by 
nature  conservative  and  fearful  of  any  changes,  who  perhaps  recognize 
the  evils  of  the  present,  but  fear  any  revision  will  be  for  the  worse.  To 
these  three  classes  the  following  remarks  are  addressed: 

(1)  It  must  not  be  supposed  that  the  parties  to  apex  litigation  are  the 
only  ones  to  suffer  from  it.  They  pay  the  immediate  and  physical  costs; 
and  when  the  bills  are  presented,  they  heartily  condemn  the  law  which 
makes  such  litigation  possible.  But  not  all  the  mines  are  affected  by 
such  trouble  all  the  time,  and  hope  springs  eternal,  and  even  the  defeated 
recover  their  spirits  and  are  sooner  or  later  willing  to  take  another  chance. 
But  the  fact  is  that  the  whole  mining  industry  pays  t.he  bill.  There  is 
a  factor  of  hazard  and  loss  and  expense  of  uncertam  dimensions  hanging 
over  every  mining  investment  wherever  the  apex  law  is  in  force.  No 
attorney  or  mining  engineer  can  safely  recommend  the  purchase  of  a 
quartz  mine  in  the  West  without  taking  it  into  consideration.  Indeed; 
the  more  he  knows  about  mining  lawsuits,  the  larger  the  factor  of  safety 
which  he  demands  on  this  account.  Hence,  consciously  or  unconsciously, 
the  whole  business  of  mining  is  hampered  and  forced  to  carry  the  burden 
of  this  dangerous  provision  of  our  present  law. 

(2)  While  it  is  true  that  the  U.  S.  Supreme  Court  has  handed  down 
decisions  which  definitely  settle  some  of  the  principles  of  apex  law,  it  is 
very  far  from  true  to  state  that  no  other  vitally  important  questions 
remain  undetermined.  There  are  points  upon  which  the  U.  S.  Courts 
of  Appeal  in  different  circuits  are  in  direct  conflict.  There  are  questions 
involved  in  litigation  now  pending  which  have  never  been  passed  upon 
by  the  Supreme  Court,  and  some  of  these  questions  contain  possibilities 
which  one  shudders  to  contemplate.  I  may  merely  mention  one  as  an 
example.  The  law  provides  for  the  location  of  mining  claims  in  such  a 
way  that  the  side  lines  shall  be  parallel  to  the  outcrop  of  the  discovery 
vein  and  not  more  than  300  ft.  distant  from  it.  Many  thousands  of 
claims  have  been  located  and  patented  in  which  the  discovery  vein 
crosses  the  side  lines  instead  of  the  end  lines,  and  in  such  cases  the  courts 
have  decided  that  the  end  lines  become  side  lines.  Now,  in  the  case  of 
a  claim  1,500  ft.  in  length  whose  discovery  vein  crosses  the  side  lines, 
and  whose  located  side  lines  therefore  become  end  lines  and  whose 
located  end  lines  become  side  lines,  it  may  be  750  ft.  or  more  from  the 
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apex  to  the  actual  side 'lines.  In  other  words,  the  patentee,  by  mis- 
representing (innocently  perhaps)  the  relation  of  his  surface  lines  to  the 
outcrop  of  his  discovery  vein,  has  obtained  a  patent  from  the  United 
States  Land  Office  for  more  land  than  it  was  authorized  to  convey.  Is 
such  a  title  good?  Some  of  our  best  mining  attorneys  question  it  seri- 
ously. The  question  is  now  before  the  Federal  Court  in  Utah,  and  if  the 
decision  is  against  the  validity  of  such  patents,  the  title  to  valuable 
claims  in  every  mining  camp  in  the  West  will  at  once  be  shaken. 

To  the  second  portion  of  the  second  class,  those  who  do  not  look  for 
the  discovery  of  more  mines,  we  would  say  that  Uncle  Sam  still  controls 
about  623,000,000  acres  of  his  original  farm  of  less  than  two  billion  acres, 
and  that  the  man  who  has  doubts  as  to  the  existence  of  as  many  mines 
upon  this  remaining  one-third  as  were  found  upon  either  of  the  other  one- 
thirds,  must  lack  confidence  in  the  destiny  of  the  American  nation. 
That  the  mines  have  not  yet  been  discovered  is  no  proof  of  their  non- 
existence; that  they  are  not  to  be  found  so  easily  and  rapidly  is  probably 
a  blessing  in  disguise,  if  we  once  revise  our  laws  so  as  to  make  their 
discovery  possible  and  put  their  exploitation  in  harmony  with  the  prin- 
ciples of  economy. 

(3)  With  the  third  class  we  have  to  deal  in  all  human  affairs.  They 
are  typical  of  the  Chinese  during  the  past  thousand  years,  rather  than  of 
up-to-date  progressive  citizens  of  these  United  States.  Their  views  are 
always  entitled  to  a  hearing,  but  when  reforms  are  widely  called  for,  the 
stand-patter  must  stand  aside  or  be  run  down  by  the  chariot  of  progress. 

One  rule  of  the  apex  law  of  great  importance  to  the  miner  in  working 
beneath  the  surface,  and  yet  one  with  which  the  majority  of  mining 
engineers  do  not  seem  to  be  familiar,  is  stated  by  Judge  Lindley  as 
follows: 

"In  following  his  vein  downward  the  apex  proprietor  must  keep  within  it.  He 
cannot  crossout  underneath  another's  surface  to  reach  the  vein."* 

In  this  respect  our  apex  law  is  not  so  good  as  its  German  prototype  of 
the  sixteenth  and  seventeenth  centuries,  which  gave  to  the  locator  an 
inclined  location  with  bounding  planes  parallel  to  the  vein  some  25  or  30 
ft.  from  it  on  both  foot-  and  hanging-walls. 

Violationa  of  this  rule  are  frequent,  and  it  is  sometimes  broken  by 
common  consent;  but  it  is  occasionally  invoked  to  the  great  surprise  and 
expense  of  the  miner,  who  thinks  that  because  the  government  patent 
granted  him  extra-lateral  rights,  which  he  may  perchance  have  still  further 
established  by  costly  court  proceedings,  he  is  consequently  empowered 
to  crosscut  from  his  own  shaft  on  various  levels  through  his  neighbor's 
ground  for  the  purpose  of  mining  his  own  vein.^ 

*  Lindley  on  Mines,  2d  ed.,  p.  1111|  Sec.  615. 

'  See  Engineering  and  Mining  Journal,  Mar.,  1913. 
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Other  arguments  against  the  apex  law  will  probably  be  presented  in 
this  symposium  and  other  testunony  might  be  procured  almost  without 
limit  for  its  condemnation.  There  can  be  no  question  that  the  sentiment 
of  a  large  majority  of  men  engaged  in  actual  mining  is  strongly  opposed  to 
its  perpetuation  in  our  statutes. 

Reason  Number  Four 

Another  defect  in  our  present  law  to  which  the  attention  of  Congress 
has  frequently  been  invited  is  the  lack  of  any  provision  for  appeals  to  the 
courts  from  the  decisions  of  land-office  officials.  It  is  contrary  to  the 
general  spirit  of  our  institutions  and  an  anomaly  in  constitutional 
government  to  take  away  from  any  citizen  property  rights  to  which  he 
considers  himself  justly  entitled  under  the  law,  by  the  mere  fiat  of  an 
appointed  government  official  who  is  here  to-day  and  gone  to-morrow. 
To  place  in  the  hands  of  such  officers  the  final  dicta  in  matters  involving 
property  valued  at  hundreds  of  thousands  of  dollars,,  and  to  provide  no 
method  of  appeal  to  any  duly  constituted,  permanent,  non-political, 
judicial  tribimal,  is  not  only  to  subject  the  said  officials  to  severe  and 
unnecessary  tests  of  moral  courage  and  fidelity,  but  to  require  in  them  the 
qualifications  of  superior  judges  and  experience  in  the  weighing  and 
interpretation  of  the  law,  which  many  of  them  cannot  be  expected  to 
possess.  Serious  injustice  is  often  done  without  any  remedy  at  law  to 
the  defeated  applicant. 

The  records  of  the  land-office  decisions  are  full  of  instances  of  this 
fact.  One  of  the  most  recent  is  what  is  known  as  the  Yard  decision. 
Four  or  five  years  ago  the  Department  of  the  Interior  held  that  the 
Land  Department  might  cancel  mining  claims  before  application  was  made 
for  patent,  alleging  that  the  discovery  is  not  sufficient,  or  that  the  land  is 
held  for  speculation,  or  for  any  other  sufficient  reason.  Now,  although  it 
might  be  claimed  that  this  decision  was  imjust  and  vUra  mres^  yet  there 
was  no  method  of  taking  an  appeal  to  the  courts,  for  they  have  no 
jurisdiction  over  Land  Office  decisions.  In  another  case,  that  of  J.  P. 
Nichols  and  Cy  Smith,  the  same  question  has  just  arisen,  and  the  former 
decision  is  squarely  reversed,  the  present  First  Assistant  Secretary 
remarking  that  the  decision  rendered  in  1909  in  the  Yard  case  is  entirely 
indefensible,  whether  viewed  from  an  administrative  or  a  legal  stand- 
point, and  that  to  the  extent  that  such  decisions  might  mislead  citizens 
or  officers  of  the  government  ''into  an  unwarranted  invasion  of  private 
rights,  it  would  be  repugnant  to  good  administration  as  subversive  of 
law."» 

The  Secretary  further  used  the  following  language: 

•  Mining  and  Scientific  Press,  voL  evil,  No.  23,  p.  879  (Deo.  6,  1913). 
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"While  the  title  to  land  remains  in  the  United  States,  and  controversies  arise  be- 
tween occupants  thereof,  whether  agricultural  or  mineral,  neither  party  having  in- 
voked the  jurisdiction  of  the  land  department  for  the  purpose  of  acquiring  the  ultimate 
title,  the  courts  have  the  power  to  determine  their  rights,  based  upon  the  law  of  pos- 
Beasion,  and  aU  other  questions  necessarily  involved." 

The  statement  of  the  Secretary,  while  no  doubt  strictly  accurate  as 
between  two  mineral  locators  and  so  long  as  the  mineral  character  of  the 
land  is  not  called  into  question,  is  with  difficulty  harmonized  by  a  layman 
with  the  language  of  Mr.  Justice  Brewer  in  Burfenning  vs.  C,  M.  & 
St.  P.  Ry.,  U;  S.  Rep.  163,  p.  323,  as  follows: 

"It  has  undoubtedly  been  affirmed  over  and  over  again  that  in  the  administra- 
tion of  the  public  land  system  of  the  United  States  questions  of  fact  are  for  the  con- 
sideration and  judgment  of  the  Land  Department  and  that  its  judgment  thereon  is  final. 
Whether,  for  instance,  a  certain  tract  is  swamp  land  or  not,  saline  land  or  not,  mineral 
land  or  not,  presents  a  question  of  fact  not  resting  on  record,  dependent  on  oral  testi- 
mony; and  it  cannot  l)e  doubted  that  the  decision  of  the  Land  Department,  one  way 
or  the  other,  in  reference  to  these  questions  is  conclusive  and  not  open  to  re-litigation 
in  the  courts,  except  in  those  cases  of  fraud,  etc.,  which  permit  any  determination 
to  be  re-ezamined." 

This  instance  is  only  mentioned  because  of  its  timeliness  and  to 
illustrate  my  point  as  to  the  desirability  of  giving  to  some  courts  the 
power  of  review  which  Justice  Brewer  says  they  have  not  now. 

The  celebrated  Cunningham  coal  cases  in  Alaska  are  another  con- 
crete instance  of  maladministration  of  justice  and  the  infliction  of  obloquy 
and  financial  loss  upon  perfectly  reputable  and  law-abiding  citizens  by 
the  dicta  of  political  appointees,  who  were  forced  by  the  stress  of  political 
expediency  to  render  decisions  justified  by  neither  the  law  nor  the 
evidence,  and  from  which  there  is  no  recourse.  In  the  interests  of  justice, 
provision  should  be  made  for  appeals  in  important  cases,  and  perhaps  in 
all  cases,  from  decisions  of  the  Commissioner  of  the  General  Land  Office 
or  of  the  Secretary  of  the  Interior  to  some  court  of  competent  standing 
and  jurisdiction,  whose  decisions  could  and  would  be  accepted  by  the 
public  and  the  interested  parties  with  confidence  in  their  just  and  correct 
interpretation  of  statutes.  The  enactment  of  such  legislation  was 
specially  recommended  to  Congress  in  a  Presidential  message  by  WiUiam 
H.  Taft,  but  it  failed  of  passage,  largely  through  the  misguided  opposi- 
tion of  the  chief  apostle  of  conservation.  It  should  be  brought  up  a^ain, 
and  insistently,  until  placed  upon  our  statutes. 

Reason  Number  Five 

Another  very  important  refonn  which  has  been  more  or  less  agitated, 
and  is  certain  to  attract  the  attention  of  Congress  in  the  near  future, 
is  in  the  coal  and  petroleum  laws.  Although  of  different  geological 
habit  and  physical  structure  and  mode  of  treatment,  and  therefore  each 
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deserving  of  separate  legislation^  coal  and  petroleum  are  here  mentioned 
together  because  they  are  both  mineral  fuels  and  both  inadequately 
provided  for  in  existing  statutes.  Volumes  could  be  written  and  hours 
spent  in  rhapsodizing  over  our  matchless  supplies  of  coal  and  oil  and 
moralizing  over  the  question  of  their  benefit  to  that  portion  of  the  human 
race  which  inhabits  the  United  States  of  America  and  its  possessions. 
But  such  considerations  are  stayed  by  the  reflection  that  a  ton  of  coal  and 
a  barrel  of  oil  are  of  no  benefit  to  any  one  until  they  are  burned,  and  that 
coal  mines  and  oil  wells  are  essential  to  the  carrying  on  of  industry,  traffic, 
commerce,  and  manufacturing  as  they  exist  to-day,  and  thiat  it  is  for  our 
best  economic  interest  to  mine  and  use  every  ounce  of  carbonaceous  fud 
that  can  be  profitably  and  efficiently  employed  in  useful  endeavor. 
The  law  authorizing  the  location  of  coal  land  reads  as  follows : 

"Every  person  above  the  age  of  twenty-one  years,  who  is  a  citizen  of  the  United 
States,  or  who  has  declared  his  intention  to  become  such,  or  any  association  of  persons 
severaUy  qualified  as  above,  shall,  upon  application  to  the  register  of  the  proper  Isind 
office,  have  the  right  to  enter,  by  legal  subdivisions,  any  quantity  of  vacant  coal-lands 
of  the  United  States  not  otherwise  appropriated  or  reserved  by  competent  authority, 
not  exceeding  one  hundred  and  sixty  acres  to  such  individual  person,  or  three  hundred 
and  twenty  acres  to  such  association,  upon  payment  to  the  receiver  of  not  less  than  ten 
dollars  per  acre  for  such  lands,  where  the  same  shall  be  situated  more  than  fifteen  miles 
from  any  completed  railroad,  and  not  less  than  twenty  dollars  per  acre  for  such  lands 
as  shall  be  within  fifteen  miles  of  such  road. 

''Any  person  or  association  of  persons  severally  qualified,  as  above  provided,  who 
have  opened  and  improved,  or  shall  hereafter  open  and  improve,  any  coal  mine  or 
mines  upon  the  public  lands,  and  shaU  be  in  actuid  possession  of  the  same,  shaU  be 
entitled  to  a  preference-right  of  entry,  under  the  preoeding  section,  of  the  mines  so 
opened  and  improved:  Provided,  that  when  any  association  of  not  less  than  four 
persons,  severally  qualified  as  above  provided,  shall  have  expended  not  less  than  five 
thousand  dollars  in  working  and  improving  any  such  mine  or  mines,  such  association 
may  enter  not  exceeding  six  hundred  and  forty  acres,  including  such  mining 
improvements 

"  The  three  preceding  sections  shall  be  held  to  authorise  only  one  entry  by  the  same 
person  or  association  of  persons;  and  no  association  of  persons  any  member  of  which 
shall  have  taken  the  benefit  of  such  sections,  either  as  an  individual  or  as  a  member 
of  any  other  association,  shall  enter  or  hold  any  other  lands  under  the  provisions 
thereof;  and  no  member  of  any  association  which  shall  have  taken  the  benefit  of  such 
sections  shall  enter  or  hold  any  other  lands  under  their  provisions."* 

Any  mining  engineer  knows  that  the  development  and  equipment  of 
a  coal  mine  is  an  nndertaking  so  expensive  that  it  is  not  safe  to  make  the 
outlay  needed  unless  a  supply  of  coal  is  assured  for  many  years.  The 
limitations  placed  by  the  law  upon  the  amount  of  coal  land  that  may  be 
located  by  an  individual  or  by  an  association  are  therefore  either  foolish 
or  futile.  As  a  matter  of  fact,  the  lack  of  harmony  between  the  law  of 
Congress  and  the  inflexible  law  governing  economic  conditions  has  led 
to  attempts  to  evade  the  former,  which  have  not  always  been  such 

» Snyder  on  Mines,  voL  ii,  pp.  1259,  1260,  1261. 
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as  would  pass  a  creditable  examination  under  the  searchlight  of  modem 
investigation.  The  matter  is  at  present  in  a  transitory  stage.  Coal 
lands  are  for  sale,  in  limited  areas,  under  the  law,  at  appraised  valuations. 
The  probable  solution  will  be  the  passage  of  a  bill  reserving  coal  lands 
from  sale,  but  authorizing  the  Secretary  of  the  Interior  to  lease  them 
under  terms  to  fit  the  conditions  in  each  case,  and  under  the  supervision 
of  the  Bureau  of  Mines. 

There  has  been  much  difference  of  opinion  as  to  whether  petroleum 
and  natural  gas  are  minerals.^®  The  courts,  with  few  exceptions,  have 
held  that  these  substances  are  minerals  and  locatable  as  such.  The 
Land  Department  has  been  on  both  sides  of  the  question ;  but  the  matter  is 
finally  set  at  rest  by  the  Act  of  Congress  which  reads  as  follows:  ''Any 
person  authorized  to  enter  lands  under  the  mining  laws  of  the  United  States 
may  enter  or  obtain  patent  to  lands  containing  petroleum  or  other 
mineral  oil,  and  chiefly  valuable  therefor,  under  the  provisions  of  the  laws 
relating  to  placer  and  mineral  claims."  (Act  approved  Feb.  11,  1897,  29 
Stat,  at  Large,  526.) 

Being  locatable  under  the  placer  Act  they  are  subject  to  the  re- 
quirement of  a  ''discovery"  before  a  location  can  be  perfected,  and  since, 
as  already  explained,  the  law  gives  no  exclusive  possessory  right  to  the 
prospector  while  he  is  searchiag  for  mineral  (except  of  the  spot  where  he 
is  actually  at  work,  pedis  poaaeasio)  there  have  been  numerous  instances 
where  two  or  more  outfits  have  been  drilling  on  the  same  tract  of  land, 
each  trying  to  make  the  first  strike  of  oil  and  thus  secure  possession,  and 
bloodshed  has  not  infrequently  been  the  outcome  of  this  feature  of  our 
senile  law.  In  the  interests  of  peace  and  for  the  preservation  of  oil 
which  might  otherwise  have  been  wasted,  as  well  as  to  protect  the  Federal 
land  reserves,  the  oil  lands  have  been  withdrawn  by  Presidential  order 
under  the  authority  of  Congress.  Legislation  is  needed,  but  the  situation 
is  not  serious,  and  there  is  ample  time  in  which  to  make  a  thorough  study 
of  the  entire  question  and  thus  prepare  to  meet  conditions  undreamt  of 
when  the  present  laws  were  framed. 

Rbason  Number  Six 

There  are  still  other  substancies  which  should  be  provided  for,  and 
which  were  either  not  known  to  exist  or  not  considered  as  valuable 
minerals  in  1872.  Among  these  substances  we  may  mention  radium- 
bearing  minerals,  phosphates,  potash  and  other  salts,  rare  earths  and 
similar  products,  all  of  which  are  likely  to  prove  of  increasing  importance 
and  value  in  the  future,  and  for  whose  location  and  exploitation  careful 
provision  should  be  made  in  our  laws. 

>*  Snyder  on  Mines,  voL  i,  p.  284. 
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The  present  Secretary  of  the  Interior  in  his  recent  report,  speaking  of 
this  subject,  says: 

"Some  years  since  this  department  announced  the  discovery  within  the  United 
States  of  a  deposit  of  potash  which  it  was  hoped  would  render  our  farmers  independ- 
ent, for  a  time  at  least,  of  all  other  sources.  This  deposit  still  lies  unused.  No 
proper  laws  have  been  passed  by  which  it  can  be  put  into  use.  A  common-sense  view 
of  the  matter  would  be  to  treat  these  lands  as  it  has  been  suggested  we  should  treat 
coal  lands. 

"So,  too,  should  our  vast  deposits  of  phosphate  rock  be  brought  into  the  world's 
supply.  We  are  giving  a  constantly  increasing  volume  of  thought  to  the  scientific 
methods  by  which  the  fertility  of  our  soils  may  be  increased.  And  the  time  is  likely 
to  come  when  the  deposited  phosphorus  in  our  western  lands  will  be  regarded  as  of 
almost  priceless  worth.  Few  appreciate  how  extensive  these  deposits  are.  They  nm 
for  hundreds  of  miles  through  Wyoming,  Utah,  Montana  and  Idaho,  and  in  other 
States  similar  deposits  of  lesser  extent  are  known  to  exist.  We  have  millions  of  acres 
of  phosphate  lands  which  are  estimated  to  contain  several  billion  tons  of  phosphate 
rock;  undoubtedly  the  world's  largest  known  reserve." ^^ 

Reason  Number  Seven 

From  the  very  first  the  law  has  been  defective  in  not  requiring 
notice  of  mining  claims  to  be  filed  with  the  general  Land  Office  or  some 
duly  constituted  Federal  officer.  Uncle  Sam  has  been  a  very  careless 
custodian  of  the  property  of  his  wards. 

"Indeed,  the  United  States  government  does  not  to-day  possess  either  records 
or  maps  showiniar  what  portions  of  its  public  mineral  lands  have  been  appropriated 
by  valid  mining-locations,  and,  being  held  imder  possessory  title,  do  not  now  belong 
to  that  domain."" 

Such  carelessness  in  our  national  book  keeping  has  led  to  much 
confusion  and  the  infliction  of  unnecessary  expense  and  hardship  upon 
those  whom  the  laws  were  intended  to  benefit.  Thus,  for  example,  while 
with  one  hand  the  government  gave  to  the  prospector  the  right  to  those 
mines  which  might  be  found,  with  the  other  it  handed  out  land  grants  to 
aid  in  the  construction  of  railroads  to  the  Pacific  and  thus  facilitate  the 
operation  of  the  mines.  It  said  to  the  railway  companies,  "You  may  file 
your  selections  with  the  Commissioner  of  my  Land  Office  in  Washington;'' 
and  to  the  prospector  it  said,  "You  may  file  notice  of  your  mining  loca- 
tion with  any  county  clerk.  We  don't  care  to  be  bothered  with  such 
details."  So  the  prospector  and  the  railway  company  filed  on  the  same 
land;  and  for  years  each  thought  his  title  unclouded.  The  prospector 
spent  months  of  labor  and  all  his  cash,  and  finally  sold  to  a  mining  company. 
The  railway  company  sold  the  land  to  a  lumber  company,  and  spent  a 
million  dollars  in  constructing  a  .road  to  market  the  lumber  cut  by  the 


11  Engineering  and  Mining  Journal^  vol.  xcvii.  No.  1,  p.  29  (Jan.  3,  1914). 
"  R.  W.  Raymond:  Discussion  of  Canadian  Mining  Law,  by  J.  M.  Clark,  TVant., 
xUi,  617  (1911). 
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lumber  company.  Then  the  government  got  around  to  surveying  the 
townships,  and  the  railroad  and  the  mining  company  both  asked  for 
patents,  and  for  the  first  time  was  discovered  a  conflict  which  had  existed 
for  10  or  15  years,  and  which  never  could  have  arisen  if  our  laws  had  been 
good.  The  mining  company  said  to  the  railway  company,  **  You  have  no 
right  to  mineral  land."  The  railway  company  replied,  ''I  only  wanted 
the  timber  and  that  was  rightfully  mine,  but  I  don't  believe  the  land  is 
any  good  for  mining  anyhow.''  Then  the  government  sends  the  experts  of 
the  Geological  Survey  to  investigate  and  report;  and  their  report  is  to  the 
effect  that  general  geological  conditions  are  similar  to  those  of  some  other 
district  where  good  ore  is  found,  therefore  it  is  mineral  land,  and  must  be 
stricken  from  the  railway  company's  selections;  but,  as  a  matter  of  fact, 
there  has  been  no  discovery  of  ore  in  place  as  required  by  the  mining  law, 
and  therefore  it  cannot  be  patented  to  the  mining  company.  And  this  is 
no  idle  dream,  but  a  picture  of  situations  actually  existing  under  our 
chaotic  mining  law. 

Rbason  Number  Eight 

The  law  at  present  provides  a  limit  to  the  time  within  which  patented 
quartz  claims  may  be  attacked  for  fraud  or  irregularity  of  location,  but 
makes  no  such  provision  for  patented  placer  claims.  Known  veins  within 
placer  locations  must  be  declared  and  paid  for  separately  or  else  they  are 
excepted  from  the  placer  patent  and  can  be  located  by  others  in  lode  claims. 
All  veins  on  placer  ground  not  known  to  exist  at  the  time  application  is 
made  for  patent  belong  to  the  grantee,  but  without  extra-lateral  rights. 
If  an  applicant  for  placer  patent  can  be  shown  to  have  had  knowledge 
of  the  existence  of  a  valuable  lode  within  his  lines  prior  to  the  making  of 
his  patent  application,  and  to  have  concealed  that  knowledge,  his 
title  as  to  that  vein  is  subject  to  cancellation  at  any  time  upon  the  making 
of  proof  thereof  in  court  by  a  contesting  locator.  There  is  no  limit  to 
the  time  for  such  contests,  and  they  are  still  being  brought,  in  some  cases 
25  years  after  placer  patent.  The  law  is  very  defective  on  this  point, 
for  it  frequently  happens  that  veins  discovered  to-day  have  a  value  by 
reason  of  improved  metallurgical  processes  or  transportation  facilities 
which  they  did  not  have  at  the  time  when  the  placer  claim  was  located 
and  patented.  The  owner  of  such  a  claim  is  sometimes  put  to  the 
expense  and  annoyance  of  defending  such  contests  repeatedly,  each  time 
at  the  risk  of  an  adverse  verdict,  since  there  is  no  limit  to  the  number  of 
contestants.  The  law  should  provide  the  same  protection  for  placer  as 
for  lode  claims  in  this  respect. 

Reason  Number  Nine 

The  present  statutes  are  defective  also  in  permitting  the  location  of 
an  unlimited  number  of  quartz  claims  in  any  district,  and  in  not  requiring 
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actual  and  useful  development.  Many  promising  mining  claims  and  even 
entire  districts  have  been  smothered  for  years  by  this  practice.  Much 
has  been  said  and  written  about  it,  and  every  old  timer  knows  that  the 
assessment  work  on  thousands  of  claims  which  for  a  quarter  of  a  century 
have  been  thus  held  (and  by  the  other  familiar  trick  of  re-location  of 
each  other's  claims  at  the  end  of  the  year  on  a  sort  of  community  basis), 
has  often  amounted  to  no  more  work  of  actual  exploration  than  could  be 
done  by  a  couple  of  able-bodied  single  jackers  in  three  months'  time. 
And  any  one  who  has  bought  mining  claims  in  the  older  camps  of  the 
West  can  t^tify  that  he  has  often  paid  considerable  sums  for  locations 
of  this  sort,  although  the  physical  condition  of  the  property  was  in  itself 
incontestable  proof  that  the  claims  were  at  that  very  moment  open  to 
re-location,  or  could  be  successfully  contested  at  much  less  expense. 

Conclusion 

There  are  many  other  minor  defects  in  our  mining  laws;  but  it  is 
believed  that  the  foregoing  presentation  of  the  case  will  be  sufiSicient  to 
serve  as  a  text  for  those  who  feel  that  something  is  wrong,  but  do  not 
know  just  where  the  trouble  lies.  Moreover,  if  we  are  unable  to  convince 
Congress  of  the  need  for  revision  by  showing  them  the  worst  of  the 
rottenness,  they  will  hardly  be  moved  to  action  by  fly-specks  and  an 
occasional  worm-hole.  If  they  desire  to  legislate  in  the  interest  of  a 
large  and  important  industry  and  by  aiding  it  benefit  the  entire  nation, 
they  will  give  heed  to  an  appeal  from  the  representatives  of  that  industry. 
Personally,  I  believe  that  the  subject  is  one  of  great  importance  and 
that  its  proper  solution  is  through  the  recommendations  of  a  commission 
appointed  by  authority  of  Congress  for  the  study  of  the  entire  question 
and  the  drafting  of  a  new  mining  code,  after  investigation  of  conditions 
and  the  desires  of  mining  men  in  ^1  parts  of  the  country. 

Discussion 

Hennen  Jennings,  Washington,  D.  C. — I  have  been  so  long  out  of 
the  country  that  I  have  not  had  an  opportunity  for  getting  any  mining 
company  into  title  difficulties,  or  urging  new  laws,  or  giving  any  expert 
advice  upon  the  subject  of  the  laws  of  the  apex;  so  I  can  make  my 
statement  very  dispassionately  and  impartially. 

I  was  connected  with  mining  in  South  Africa  some  16  years,  and  thus 
had  an  opportunity  to  become  acquainted  with  the  mining  laws  of  the 
Transvaal  under  the  Boer  government. 

I  was  greatly  impressed  with  the  main  principle  of  these  laws:  namely, 
the  conveying  of  certainty  of  title.  All  claims  were  held  on  the  basis  of 
a  surface  area  pegged  out,  and  with  the  downward  continuance  in 
accordance  with  vertical-plane  projections  of  the  boundary  lines. 
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There  were  two  classes  of  claimS;  known  as  digger's  and  prospector's. 
They  were  held  under  a  leasing  system  of  payment  of  so  much  a  month, 
but  no  limitation  was  made  as  to  time  of  holding  so  long  as  the  necessary 
payments  were  made.  The  payment  for  digger's  license  was  larger 
than  for  the  prospector's,  the  higher  price  being  for  ground  that  was 
under  exploitation.  One  person  could  peg  off  but  a  limited  area;  but 
there  were  no  laws  preventing  amalgamation  of.  claims,  which  was  done 
on  a  big  scale;  but  greedy  and  speculative  holding  of  claims  was  minim- 
ized by  the  constant  necessity  of  paying  licenses  for  all  claims  held, 
whether  worked  or  not. 

It  is  true  that  in  this  way  most  of  the  claims  got  into  the  hands  of 
strong  corporations,  but  it  is  also  true  that  the  original  locators  had  a 
good  chance  to  sell  at  a  good  price,  and  the  nature  of  the  deposit  was 
such  that  it  required  a  great  capital  outlay  to  profitably  equip  and  work 
a  mine. 

From  what  I  have  heard  and  read,  it  would  appear  that  the  law 
of  the  apex  was  framed  to  a  large  extent  by  the  prospectors  of  Cali- 
fornia and  Nevada,  who  no  doubt  believed  it  was  a  system  that  was 
advantageous  to  themselves. 

Now,  has  this  really  been  the  case?  How  many  of  the  prospectors 
who  pegged  out  the  ground  have  worked  their  claims  to  a  finish,  and 
benefited  by  the  extra-lateral  rights  given  under  this  law?  Have  not 
litigation  and  uncertainty  of  title  been  detrimental  features  in  selling  out 
to  capitalists?  Have  the  capitalists  benefited  as  a  whole  by  these  rights 
when  the  many  and  costly  lawsuits  are  taken  into  consideration? 

I  want  to  know  also,  whether  the  public  has  benefited  by  this  law, 
and  what  has  been  its  influence  upon  morality  in  mining.  Has  it  not 
had  the  tendency  to  lower  the  moral  tone,  by  making  secrecy  almost  a 
necessity,  and  to  tempt  the  honest  man  to  make  location  on  a  very 
flimsy  basis  in  order  to  guard  against  blackmail? 

Who,  then,  has  it  helped?  Possibly  a  few  professional  mining  ex- 
perts may  have  obtained  remunerative  employment,  but  the  best  of  them 
have  at  the  same  time  decried  the  law.  I  believe  it  has  benefited  the 
blackmailer  and  the  faker;  and  the  lawyer  has  not  lost  by  it. 

In  Europe  an  American  mine  that  has  not  gone  through  the  fiery 
furnace  of  a  lawsuit  is  considered  a  risky  possession. 

Thus  it  would  seem  that  even  to  the  original  locators  and  first  holders, 
the  law  has  been  something  of  a  boomerang. 

Sidney  J.  Jennings,  New  York,  N.  Y. — There  is  one  point  I  would 
like  to  bring  out.  We  have  heard  a  great  deal  about  apex.  We  have 
not  heard  so  much  about  the  definition  as  to  what  is  a  vein,  and  that  is 
a  point  with  which  I  have  had  some  considerable  experience  in  my 
work  in  the  United  States. 

You  would  think  that  a  definition  of  a  vein  was  a  reasonably  easy 
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thing,  but  in  a  case  in  which  I  was  interested,  not  as  a  witness  nor  as 
an  expert,  but  simply  as  a  worker  of  the  property  after  it  had  been 
acquired  by  a  favorable  decision,  this  matter  was  up. 

A  fissiu*e  w-as  found  on  the  surface  carrying  mineral  in  payable 
quantities.  It  was  followed  down,  and  at  a  certain  horizon  ore  was 
found  to  make  on  a  bed  of  limestone.  The  location  of  the  fissure  on  the 
surface  was  held  by  one  individual,  and  the  location  of  the  apex  of  the 
favorable  bed  of  limestone  was  held  by  another  individual.  Then  the 
question  was,  which  was  the  vein,  the  limestone  bed,  or  the  fissure  where 
the  ore  was  originally  discovered  and  followed  down?  This  was  fought 
for  many  years,  and  the  decision  of  the  Supreme  Court  was  made  to  the 
effect  that  the  limestone  was  the  vein,  as  it  was  the  place  where  large 
bodies  of  ore  were  always  found.  There  were  numerous  fissures  going 
through  this  bed  of  limestone,  and  wherever  those  fissures  got  into  the 
limestone  large  payable  bodies  of  ore  were  found,  consequently  the  lime- 
stone and  not  the  fissures  was  the  apex.  That  strikes  me  as  ingenious, 
but  it  is  difficult  to  predicate  how  far  some  other  ingenious  theory  may 
carry  another  individual  in  upholding  what  he  supposes  to  be  his  right 
under  the  extra-lateral  theory. 

I  am  of  the  opinion  that,  as  Dr.  Raymond  said,  it  is  wise  to  con- 
centrate your  opposition  on  one  point.  If  you  have  a  concerted  attack 
on  one  point  it  is  not  apt  to  be  overthrown,  whereas  if  you  have  a 
scattering  attack  against  various  wrongs,  you  cannot  make  as  big  an 
impression.  But  there  are  so  many  points  which,  while  not  as  objec- 
tionable as  the  apex  right,  are  as  well  worthy  of  being  changed,  that  I 
would  be  inclined  to  include  in  our  opposition  one  or  two  other  features 
mentioned  by  Mr.  Winchell  in  his  paper,  rather  than  restrict  ourselves 
entirely  to  the  attempt  to  persuade  the  law  makers  to  do  away  with  the 
apex  theory. 

Hennen  Jennings. — In  the  Transvaal  companies  were  formed  on 
the  dip,  one  behind  the  other,  and  called  deep  civil  companies.  You 
would  think  that  there  would  be  great  dissatisfaction  among  the 
first  people  who  pegged  out  claims  when  the  deposit  went  out  of  their 
boundaries.  As  a  matter  of  fact,  this  was  not  the  case,  for  although 
they  would  have  been  glad  to  have  had  a  greater  length  of  line,  there 
was  no  bitterness  of  feeling  on  this  score  either  among  corporations  or 
individuals,  as  they  knew  their  rights  and  risks  at  the  start.  There  were 
no  lawsuits  or  ill  feeling,  as  has  been  the  case  with  the  apex  law.  I  do 
not  think  the  deep  levels  would  be  developed  to-day  as  they  have  been 
if  held  only  by  the  companies  that  first  started. 

It  would  have  lessened  the  progress  of  development,  and  caused 
uncertainty  and  litigation.  Our  legislators  seem  to  fear  that  by  limiting 
downward  rights,  they  are  injuring  the  original  locators.  It  is  not  so, 
if  you  give  them  at  first  latitude  to  peg  out  liberally  and  as  much  as  their 


WHY  THE  MINING  LAWS  8HOX7LD  BE  REVISED  383 

resources  will  allow  them  to  work.    The.  extra-lateral  right  stopped 
mining  instead  of  helping. 

George  Otis  Smith,  Washington,  D.  C. — It  may  seem  pre- 
sumptuous to  add  anything  to  what  Mr.  Winchell  has  said  about  the 
reasons  for  revision;  but  I  would  suggest  reason  No.  10,  as  it  has  oc- 
curred to  many  of  us,  and  as  it  was  suggested  to  me  by  C.  B.  Dutton, 
of  the  Bureau  of  Mines,  namely:  That  we  have  confusion  worse  con- 
founded by  reason  of  the  fact  that  the  States  and  the  local  districts 
have  added  to  the  Federal  codes  their  special  State  laws  and  district 
regulations,  so  that  the  result  of  some  of  these  has  been  really  to 
obstruct  what  might  be  expected  as  the  favorable  operation  of  the 
Federal  law. 

Horace  V.  Winchell. — When  you  come  to  the  consideration  of  the 
question  of  a  single,  definite  reform,  laying  all  emphasis  on  the  one 
particular  revision  desired,  you  will  find  it  so  interlocked  with  other 
provisions  of  the  law  as  to  make  it  almost  impossible.  You  spoke  of 
abolishing  the  apex  law,  and  so  you  must  give  a  wider  piece  of  land. 
Senator  Smoot  introduced  a  bill  providing  for  the  abolition  of  the  extra- 
lateral  right.  What  would  have  been  the  result?  You  cannot  abolish 
the  extra-lateral  right  without  abolishing  the  right  of  discovery.  They 
are  all  tied  up  together.  The  only  way  is  to  investigate  the  whole  field, 
and  frame  a  harmonious  and  consistent  theory  of  mineral  law,  and  then 
try  to  get  it  enacted.  You  want  to  get  a  theory  which  will  give  the 
prospector  the  security  of  a  possessory  title  while  looking  after  his 
mineral,  and  unquestioned,  undoubted  rights  afterward. 

Why  should  it  be  a  matter  of  question  as  to  what  a  prospector  or 
miner  is  entitled  to?  If  he  knows  he  has  what  is  immediately  under  the 
surface,  everybody  knows  it.  But  as  it  is  to-day,  there  is  trouble, 
doubt,  question  about  it;  questions  of  uncertainty,  hesitation,  and  the 
consequent  lack  of  development.  We  all  know  that  something  is  the 
matter  with  prospecting.  We  all  know  that  mines  will  not  live  forever. 
We  know  we  are  exhausting  our  mines  at  a  tremendous  rate.  The 
United  States,  with  a  population  of  6*per  cent,  of  the  people  of  the  globe, 
occupying  6  per  cent,  of  the  land  area,  produces  30  per  cent,  of  its  min- 
erals. Now  we  cannot  keep  that  up  unless  we  continue  to  find  mines, 
and  we  cannot  find  mines  unless  mining  titles  are  made  secure. 

James  Kirkpatrick,*  Dillon,  Mont,  (communication  to  the  Secre- 
tary f). — Many  people  will  be  glad  to  see  better  laws  enacted  and  will  hope 
for  speedy  results.  That  the  prospector  is  an  important  individual  and 
that  he  naturally  has  much  to  contend  against  goes  without  saying.  In 
his  discoveries  he  should  be  safeguarded  to  the  utmost  from  the  rapacity 
and  greed  of  those  who  are  ever  ready  and  watchful  to  take  advantage 

*  Non-member.  t  Received  Feb.  10,  1914. 
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of  his  omissions  or  neglect.  The  ordinaiy  requirements  of  mining  law 
seem  sufficiently  burdensome  to  his  pioneering  spirit  and  he  is  usually 
unable  and  unwilling  to  fight  a  legal  duel  against  heavy  odds.  The  result 
is  too  apparent  for  comment. 

It  is  probable  that  half  or  more  of  the  present  unpatented  mining 
claims  in  this  State  are  subject  to  re-location  because  of  inaccuracy  of 
measurement  in  their  boundary  lines.  The  average  prospector  is  under 
the  impression  that,  should  his  boundary  lines  extend  beyond  legal  allow- 
ance, he  runs  no  risk  but  will  have  the  privilege,  if  necessary,  of  diminish- 
ing them;  but  the  court  has  held  in  at  least  two  instances  (Hauswirth  vs. 
Butcher,  Montana  Reports,  vol.  iv,  p.  299;  and  Leveridge  vs.  Hennessy, 
Pacific  Reporter,  Nov.,  1913,  p.  907),  that  more  than  a  sUght  over- 
measurement  of  boundary  lines  voids  the  location.  Thus,  if  the 
locator  of  a  Montana  lode  claim,  through  inability  or  ignorance,  fails 
in  accuracy  of  measurement,  his  claim,  regardless  of  time  or  money  ex- 
pended, is  exposed  to  the  cupidity  of  any  shark.  It  has  come  to  be 
common  practice  for  the  big  fish  thus  to  gobble  up  the  little  ones.  Justice 
as  well  as  regard  for  the  welfare  of  the  mining  industry  of  this  State 
dictates  that,  in  case  of  excess,  the  locator  should  still  be  protected  in  the 
amount  of  ground  contemplated  by  the  mineral-land  laws. 

Claims  are  frequently  located  in  difficult,  even  almost  inaccessible, 
places  where,  without  assistance  or  facilities  for  measurement,  the  locator  is 
obliged  to  approximate  his  directions  and  distances  and,  even  in  favorable 
localities,  cannot  always  procure  a  rope,  or  afford  to  employ  a  surveyor. 

It  is  to  be  hoped  that  the  mining  societies,  congresses,  and  committees 
will  succeed  in  impressing  upon  the  Congress  of  the  United  States  the 
necessity  and  importance  of  at  once  revising  our  moss-grown  mining  laws. 
The  results  of  the  efforts  will  certainly  be  watched  with  great  interest 
throughout  the  West. 

E.  B.  Howell,*  Butte,  Mont,  (communication  to  the  Secretaryf). — 
I  do  not  believe  in  the  extra-lateral  rights  doctrine  any  more  then  do 
mining  engineers  generally,  but  prospectors  usually  do,  and  if  you  try 
to  effect  too  revolutionary  changes  in  this  respect  you  are  sure  to  fail. 

I  would  make  the  following  suggestions: 

1.  Abolish  the  distinction  between  quartz  and  placer  claims  by 
making  the  government  price  for  each  $5  per  acre.  This  will  terminate 
the  present  "known  lode"  infirmity  of  placer  titles.  Any  mineral  land 
that  is  worth  locating  at  all  is  worth  $5  per  acre.  The  price  of  land,  paid 
to  the  government,  is  a  mere  bagatelle  in  the  cost  of  mining,  anyway. 
There  was  never  any  good  reason  for  making  placer  land  only  one-half 
as  much  as  lode  claims  and  to  make  the  price  uniform  will  result  in 
simplification  of  mining  law. 


Non-member.  f  Reoeived  Feb.  10,  1914. 
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2.  Make  all  claims  600  by  1,500  ft.  in  maximum  dimensions  and  make 
no  limitations  as  to  how  the  claim  must  lie  with  reference  to  the  apex 
of  the  vein,  and  restrict  mining  operations  to  the  vertical  planes  of  the 
boundaries.  In  other  words,  if  a  prospector  is  sure  his  vein  pitches  south 
he  can  lay  his  claim  so  that  the  apex  will  lie  just  inside  his  northerly  side 
line.  Or  if  he  wants  to  be  sure  of  more  of  the  vein  on  the  dip  let  him  turn 
his  claim  at  right  angles  to  the  apex,  letting  the  outcrop  be  close  to  one 
end  line.  In  this  way  he  can  have  nearly  1,500  ft.  horizontally  within 
which  to  pursue  his  vein. 

3.  There  should  be  uniform  provisions  as  to  the  method  of  locating, 
marking  boundaries,  and  recording  claims.  I  think  we  have  the  best 
law  relating  to  these  topics  in  the  State  of  Montana.  The  Federal 
law  makes  no  requirement  relative  to  the  marking,  except  that  the  claim 
must  be  so  marked  upon  the  ground  that  its  boundaries  can  be  readily 
traced.  The  Montana  law  specifies,  as  prima  facte  evidence  that  the 
claim  is  so  marked,  the  placing  at  each  of  its  corners  of  some  one  of 
several  prescribed  forms  of  moniunent — for  instance,  a  post  4  by  4  in. 
in  size  and  4  ft.  6  in.  long,  set  one  foot  in  ground,  with  mound,  etc.  A 
post  firmly  set  with  a  mound  of  rock  about  it  makes  the  best  corner;  but 
it  should  be  remembered  that  in  some  mining  districts  of  the  West  it 
would  be  very  difficult  for  a  prospector  to  secure  posts.  Hence,  alterna- 
tive methods  of  markuig  should  be  provided.  Where  posts  of  a  smaller 
size  than  those  prescribed  in  Montana  are  used,  it  becomes  a  question  for 
the  jury  as  to  whether  the  claim  is  so  marked  upon  the  ground  that  its 
boundaries  can  be  readily  traced,  but  the  locator  does  not  necessarily 
lose  his  claim. 

4.  I  would  abolish  the  present  method  of  locating  quarter-sections  of 
placer  land  by  associations  of  individuals.  That  is  unnecessary  for 
legitimate  placer  mining  operations.  My  observation  has  been  that  such 
locations  are  made  by  seven-eighths  dummy  locators  and  one-eighth 
land  grabbers.  If  placer  claims  are  600  by  1,500  ft.  in  size  they  can  be 
laid  along  the  channel  of  the  stream — which  is  quite  necessary  for  placer 
operations. 

5.  There  ought  to  be  something  done  to  prevent  corporations  from 
going  into  new  districts  and  locating  all  the  land  solidly  with  claims 
having  common  end  and  side  lines.  I  have  known  of  this  being  done  in 
some  instances.  It  is  a  perversion  of  the  spirit  of  the  mining  law,  which 
might  be  prevented  by  prescribing  that  no  locator  shall,  either  by  him- 
self or  through  the  agency  of  any  other  person,  locate  more  than,  say, 
two  claims  within  a  radius  of  one  mile  of  his  primary  discovery. 

I  think  that  these  suggestions,  if  followed,  will  result  in  a  simplification 
of  the  law  without  any  revolutionary  changes.  In  some  respects  it  would 
resemble  the  present  law  in  the  Philippine  Islands. 

VOL.  XLYIII. — ^25 
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The  Segregation  and  Classification  of  tiie  Natural  Resources  of  tiie 

Public  Domain 

BT  rBXDEBICX  F.  BHAKPLBBS,  WSSTBUBT,  L.  I.,  N.  T. 
(New  York  Meeting,  Februaiy,  1914) 

The  term  ''segr^ation/'  as  here  used,  means  the  separation  of 
certain  natural  resources  into  groups,  consisting  of  one  or  more  members, 
with  the  idea  that  when  thus  segregated,  each  group  may  be  more  easily 
and  effectively  administrated.  We  may,  for  example,  consider  surface 
rights  as  distinct  from  underground  rights,  and  stop  there;  or  we  may  go 
further,  and  deal  separately  with  timber,  water,  and  agricultural  rights, 
or,  going  -underground,  we  might  deal  separately  with  such  groups  as 
precious  and  base  metals,  clay,  oil,  gas,  etc.  The  present  paper  contem- 
plates only  the  separation  so  far  as  practicable,  for  administrative  pur- 
poses, of  surface  from  mineral  rights. 

"Classification,"  in  this  paper,  has  reference  to  the  groups  into  which 
the  government  has  divided,  is  dividing,  or  will  hereafter  divide  its  natural 
resources;  first,  into  the  broad  classes  of  mineral  and  agricultural  lands; 
and,  second,  into  coal,  oil,  phosphate,  brine  lands,  etc.,  the  central  idea 
being  the  separation  into  natural  groups  for  the  purpose  of  simplifying 
administration  and  for  the  purpose  of  encouraging  maximum  develop- 
ment and  mmimum  waste. 

The  two  subjects  are  in  some  respects  quite  distinct,  but  as  my 
argument  develops,  I  think  it  will  be  obvious  why  they  are  discussed  In 
the  same  paper. 

In  the  pursuit  of  our  professions  as  mining  engineers,  geologists,  or 
operators,  we  are  continually  confronted  by  conditions  with  which  our 
present  rnming  laws  or  regulations  are  incompatible.  It  may  be  a  con- 
flict, hardship  or  injustice,  a  piece  of  favoritism,  or  of  unnecessary  red 
tape;  or  we  may  see  lack  of  development  in  a  promising  locality,  and 
wonder  what  is  the  reason.  Often  we  can  see  where  a  modification, 
slight  or  radical,  in  the  laws  would  have  obviated  the  difficulty  without 
doing  harm  to  any  of  those  immediately  concerned.  Such  alterations  as 
individuals  could  intelligently  suggest  would  be  based  on  a  relatively 
small  number  of  situations  occurring  in  their  experiences.  The  published 
replies  to  the  queries  formulated  by  the  various  committees  on  mining  law 
appear  generally  to  reflect  personal  experience.  Concerning  a  few  points, 
there  is  a  marked  imiformity  of  opinion,  while  on  other  points  opinions 


NATURAL  BESOUBCE8   OF  THE   PUBLIC  DOMAIN  387 

appear  to  be  almost  irreconcilable — simply  due  to  the  fact  that  indi- 
vidual experiences  and  observation  must  be  rather  limited  and  not 
because  of  irreconcilable  difiFerences. 

The  object  of  altering  our  present  laws  is  not  to  compound  a  panacea 
for  all  the  ills  to  which  mining  is  susceptible.  There  are  certain  changes 
which,  because  of  their  obvious  advantages,  we  may  be  able  to  procure; 
the  necessity  of  other  changes  is  less  obvious,  and  respecting  these  there 
is  little  probability  of  securing  new  enactments.  Nevertheless,  those  of 
us  who  believe  that  the  latter  are  right  and  proper,  should  give  our 
testimony  in  their  favor,  and  show  all  of  the  weakness  that  we  believe 
exists,  even  though  we  know  that  our  suggestions  will,  for  the  present, 
receive  little  consideration.  The  greatest  good  for  the  greatest  number 
is  the  end  for  which  we  must  all  strive;  and  in  giving  our  approval  to  one 
recommendation  and  withholding  it  from  another,  we  should  try  to  view 
the  question  as  broadly  as  possible,  and  not  be  influenced  to  too  great  an 
extent  by  our  own  personal  experience  and  desires. 

It  is  of  prime  importance  in  connection  with  the  subject  of  paining  law 
to  arrive  at  the  fundamental  conception  of  proprietorship  of  the  natural 
resources  of  the  public  domain. 

In  the  early  days  of  mining,  all  mineral  rights  were  held  by  the  Crown, 
not  only  for  the  purpose  of  securing  the  precious  metals  for  coinage,  and 
for  the  "  dignity  of  the  Crown,"  but  also  that  others  than  owners  of  surface 
rights  might  be  encouraged  to  work  undergroimd,  that  underground 
resources  might  not  lie  idle  because  of  surface  occupation.  Later,  and 
up  to  the  present  time,  various  enlightened  peoples  have  held  that,  for 
one  reason  or  another,  the  fee  of  mineral  land  should  remain  in  the  State 
or  central  government. 

Our  Federal  government  has,  from  time  to  time,  taken  title  to  the  major 
portion  of  the  lands,  outside  of  the  thirteen  original  States,  as  trustee  for 
all  citizens  of  the  United  States,  with  the  object  of  administering  the  trust 
to  their  best  advantage.  There  is  nothing  in  the  original  grants  or  in 
subsequent  enactments  to  indicate  that  there  was  or  ever  had  been  any 
intention  of  retaining  the  fee  of  mineral  lands,  timber  rights,  water  rights 
or  other  resources  in  the  government  or  in  the  people.  There  was 
nothing  in  the  trust  requiring  or  preventing  alienation.  The  prime  object 
was  that  the  natural  resources  of  this  immense  area  be  used  to  the  best 
advantage  of  all  of  its  citizens.  Generous  grants  were  made  to  various 
States  for  various  purposes,  and  the  lands  so  granted  passed  entirely 
from  Federal  control  and  became  subject  to  State  legislation.  Some 
States,  in  recent  years,  have  forgotten  whence  they  had  their  origin,  and 
have  expressed  resentment  at  the  Federal  control  of  lands  within  their 
boundaries,  not  remembering  that  the  government  lands  are  lands  be- 
longing to  the  citizens  of  the  United  States  and  not  to  the  citizens  of 
any  particular  State. 
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I  think  it  will  be  generally  admitted  that  the  owners  of  public  lands 
and  rights  are  the  citizens  of  the  country,  and  it  is  the  business  of  the 
government  to  segregate,  classify,  sell  or  lease  these  lands  as,  in  its  wisdom, 
may  seem  most  advantageous  for  all  citizens. 

In  the  administration  of  natural  resources,  we  must  bear  in  mind 
some  important  differences.  Mineral  rights  and  surface  rights  bear 
quite  different  relations  to  society.  Surface  rights  have  a  permanent, 
underground  rights  but  a  transient  value.  The  more  intensely  a  farmer 
cultivates  his  land,  the  more  valuable  does  it  become  to  him  and  to  the 
conmiunity.  If  development  takes  the  shape  of  permanent  and  useful 
structures  on  the  land,  the  increase  in  value  to  the  individual  and  to  the 
State  may  reach  vast  proportions.  Indeed,  it  is  not  possible  to  antici- 
pate the  maximum  usefulness  which  surface  rights  may  acquire;  but  we 
know  that  when  these  rights  are  being  used  to  the  best  advantage  the 
coimtry  is  also  reaping  the  greatest  benefit,  and  it  is  then  that  the  life  of 
the  right  appears  longest  and  most  useful. 

A  mineral  right  is  of  a  different  nature.  The  more  it  is  worked,  the 
smaller  becomes  its  intrinsic  value.  It  is  of  value  to  the  community 
only  at  the  time,  and  in  proportion  to^he  extent  of  its  productiveness; 
but  the  greater  this  temporary  usefulness,  the  sTiorter  its  duration. 

The  agricultural  claimant  locates  a  "  homestead,"  while  the  prospector 
locates  a  "claim."  The  former  indicates  permanency  of  tenure,  while 
the  latter  suggests  a  temporary  possession. 

A  difference  in  the  nature  of  agriculturqj  and  mineral  land  was  recog- 
nized by  Congress,  when  it  passed  an  Act  in  1879  calling  for  the  classi- 
fication of  the  public  lands  by  the  U.  S.  Geological  Survey. 

The  output  from  a  mineral  right  is,  in  many  cases,  a  public  necessity. 
The  output  from  surface  rights  is  much  less  liable  to  be  so.  The  output 
of  a  mineral  property  being  transient,  the  public  has  but  a  temporary 
interest  in  its  development.  The  resources  of  the  surface  being  perma- 
nent, the  public  will  always  have  an  interest  in  them. 

The  owner  of  a  mineral  right  should  receive  every  encouragement  to 
develop  his  resource,  to  use  it,  and  get  out  of  the  way,  while  the  owner  of 
the  surface  should  be  given  every  encouragement  to  make  his  improve- 
ments permanent  and  of  ever-increasing  value. 

We  do  not  all  see  the  distinction  between  the  ownership  of  the  surface 
and  of  that  which  lies  below  the  surface;  but  the  argmnents  of  those  who 
do  not  see  the  difference  dwell  more  upon  the  feasibility  of  regarding  them 
as  identical  than  they  do  upon  proof  that  they  are  identical.  We  have, 
in  this  country,  been  regarding  them  as  identical  for  so  long  that  miany  of 
us  believe  that  they  are.  inseparable,  and  it  is  this  belief,  rather  than  any 
real  difficulty,  that  stands  in  the  way  of  s^regating  surface  from  under- 
ground rights. 

If  it  is  true  that'  there  is  a  marked  difference  in  the  nature  of  the  rights 
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referred  to,  then  the  governmenti  in  assigning  those  rights,  should  not 
confound  them.  It  should  treat  them  separately,  safeguarding  fully 
the  interest  of  the  new  and  the  old  owner.  It  has  been  found  in  other 
countries,  and  will  be  found  in  this,  that  with  surface  r^hts  segregated 
from  mineral  rights,  regulations  may  be  enforced  with  greater  ease,  with 
less  inconvenience  to  the  interested  parties  and.  with  increased  usefulness 
of  the  rights  to  the  community  at  large,  than  when  grantees  hold  all  rights 
within  the  boundaries  of  their  concessions. 

In  the  early  days  of  our  history,  we  were  rich  in  undeveloped  resources, 
lands,  minerals,  water,  and  timber,  beyond  any  possible  requirement 
then  apparent.  We  were  rich  in  everjrthing  except  population;  and  we 
gave  liberally  of  all  rights,  without  conditions,  in  order  to  secure  this 
population.  There  appeared  to  be  no  reason  for  withholding,  even  tem- 
porarily, any  of  our  resources.  It  was  a  natural  policy  to  adopt,  and  one 
that  has  resulted  in  a  marvelous  development  within  an  incredibly  short 
time.  Whether  it  has  produced  the  greatest  good  for  the  greatest  number, 
over  the  greatest  time,  is  questionable;  but  that  it  fulfilled  the  require- 
ments of  the  period  is  beyond  doubt. 

Suggestions  have  been  made,  to  the  effect  that  laws  under  which  this 
marvelous  development  has  taken  place  should  not  be  modified,  lest  we 
hinder  the  rapid  march  of  progress.  Surely  we  do  not  want  to  curb 
progress,  that  must  be  farthest  from  our  thoughts;  but  progress  at  the 
price  of  prodigality  cannot  go  on  forever. 

Conditions  have  changed  and  are  changing  rapidly;  some  policies  that 
were  in  force  20  to  50  years  ago  are  not  applicable  to  present  conditions. 
Fundamental  alterations  are  forcing  us  to  change  our  views  as  to  what 
policies  are  best.    The  signs  of  the  times  are  pointing  in  new  directions. 

In  order  that  progress  may  not  be  halted,  we  must  change  our  laws  and 
keep  open  a  field  for  the  uninterrupted  exercise  of  the  energies  of  the  com- 
ing generation,  giving  it,  so  far  as  we  are  able,  opportunities  equal  to  those 
that  have  been  given  in  the  past. 

One  of  the  changed  conditions  to  which  I  refer  is,  that  a  very  large 
proportion  of  the  public  domain  has  already  passed  from  the  control  of 
the  Federal  government,  and  the  area  over  which  the  prospector  may 
roam  is  becoming  more  and  more  confined.  Both  prospector  and  agri- 
cultural claimant  must  now  do  considerable  searching  to  find  a  desirable 
locality.  We  are  approaching  the  conditions  of  some  of  the  older  coun- 
tries, where  the  governments  no  longer  hold  title  to  any  considerable  area 
of  surface  rights,  but  where,  owing  to  the  existence  of  that  antiquated 
policy  of  segregation,  the  Crown  or  the  government  still  holds  some  min- 
eral rights  of  importance. 

The  first  paragraph  of  the  Prospectus,  so  familiar  to  all  of  us: 

''The  surface  of  this  district  has  barely  been  scratched." 
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is  growing  further  from  the  truth  every  year.  The  ''unscratcbed" 
districts  are  very  scarce,  and  if  the  policies  of  the  past  are  to  be  continued, 
it  will  not  be  many  years  before  we  have  given  title  to  all  of  the  good 
"scratching"  ground,  and  the  day  of  the  prospector  will  have  passed. 

For  several  years,  we  have  been  discussing  the  cause  of  the  decline  and 
fall  of  the  prospector;  and  the  most  potent  reason  for  this  decline  appears 
to  he  the  lack  of  a  good  country  in  which  to  prospect.  We  have  deeded 
immense  tracts  to  railroads,  upon  which  the  prospector  has  no  right  to  go; 
we  have  deeded  wide  areas  to  agricultural  claimants  and  we  have  deeded 
mining  lands  with  prodigality,  until  we  have  left  only  those  lands  classed 
as  mineral-bearing,  yet  devoid  of  such  outcrops  as  once  made  the  life  of 
the  prospector  an  interesting  and  exciting  existence,  if  not  always  a  profit- 
able one.  Generally,  there  has  been  no  provision  in  the  railway  land 
grants  whereby  the  Federal  government  would  have  any  further  interest 
in  the  grants,  if  in  the  course  of  time  they  proved  to  be  more  valuable  for 
mineral  than  agricultural  purposes;  and  it  has  been  the  same  with  the 
lands  granted  to  individuals  under  agricultural  patents. 

Not  only  has  there  been  an  actual  change  in  conditions,  but  the  public 
mind  is  changing;  we  are  looking  at  things  from  a  different  point  of  view 
than  that  of  50  years  ago.  What  seemed  to  us  right  and  proper  then,  may 
seem  questionable  to-day.  The  signs  of  the  times  point  toward  Federal 
restriction,  if  not  toward  Federal  control. 

For  a  long  time,  personal  ambition,  initiative,  and  accomplishment 
have  gone  unbridled  until  excesses  have  been  committed  that  trespass  on 
the  rights  of  society.  It  is  to  curb  these  excesses  that  it  has  been  proposed 
to  place  one  industry  after  another  under  government  control,  with  a 
tendency  toward  socialism.  The  pendulum  swinging  from  extreme  free- 
dom of  the  individual  or  corporation  on  one  side  to  socialism  on  the  other, 
will  probably  come  to  rest  at  a  point  where  business  is  conducted  under 
certain  governmental  restrictions.  However  much  some  of  us  may 
r^ret  to  see  "interference  or  competition"  by  the  government,  as  Dr. 
Raymond  puts  it,  it  is  probably  here  to  stay;  and  the  sooner  we  adapt 
ourselves  and  our  laws  to  the  changed  views,  the  better  off  will  we.be. 

Was  the  policy  of  those  who  have  gone« before  us  so  bad?  And  have 
we  done  properly  in  alienating  ourselves  so  completely  from  our  patrimony 
both  surface  and  underground?  I  believe  that,  under  the  circumstances, 
the  policies  adopted  and  followed  for  so  many  years  were  good.  A  mis- 
take was  corrected  when  the  Homestead  Act  of  1862  was  passed.  After 
that  date,  the  policy  of  providing  public  revenue  from  the  disposal  of  the 
public  domain  was  abandoned.  That  many  other  mistakes  were  made  is 
absolutely  certain;  particularly  is  this  true  in  regard  to  the  development 
of  our  mineral  resources.  In  those  days,  there  were  few  people  and 
fewer  railways;  both  were  needed;  there  was  neither  time  nor  money 
for  careful  investigation. 
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It  was  not  intendedy  when  deeding  lands  to  the  railways  as  a  bonus 
for  construction,  that  the  mineral  resources  of  the  country  should  be 
tied  up;  indeed,  it  was  not  intended  that  any  title  should  be  given  to 
mineral  lands.  That  was  an  accident,  a  mistake.  The  same  may  be 
said  of  all  agricultural  patents  that  have  been  given  to  corporations  or 
to  individuals.  The  development  of  the  mineral  resources  of  those  lands 
was  simply  overlooked  in  the  broader  necessity  of  getting  a  population 
upon  arable  lands  and  means  of  transportation  to  enable  that  population 
to  become  self-supporting  and  add  to  the  prosperity  of  the  country. 

Going  back  still  further,  to  the  lands  of  the  Mississippi  valley;  the 
grantors  of  the  fees  to  the  timber  areas  of  Minnesota,  or  the  agricultural 
lands  of  Wisconsin,  Missouri,  and  Oklahoma,  while  they  might  have 
fully  realized  that  they  were  deeding  mineral  rights,  certainly  could  not 
have  thought  of  this  feature  seriously,  or  more  consideration  would  have 
been  given  to  those  rights,  in  which  the  whole  of  the  American  people 
were  interested. 

I  think  it  may  be  regarded  as  a  very  serious  mistake  to  have  deeded, 
for  a  few  dollars,  lands  that  are  to-day  worth  hundreds  or  thousands  of 
dollars  per  acre. 

Those  lands  were  deeded  for  the  use  that  could  be  made  of  their  sur- 
face rights;  and  any  enhancement  due  to  efforts  of  an  owner  was  a  Inti- 
mate gain  to  him  and  to  his  heirs,  but  when  through  an  accident,  pure 
and  simple,  that  owner  found  himself  rich,  with  something  that  he  did 
not  buy  or  create  by  his  own  efforts,  when  he  found  himself  possessed  of 
something  of  value  that  did  not  belong  to  him,  but  did  belong  to  the 
people  and  which  the  people  did  not  intend  to  give  him,  then  most 
certainly  a  mistake  was  made. 

The  mistake  was  not  that  of  failing  to  classify  lands  properly,  and 
deed  only  agricultural,  mineral,  or  timber  rights.  Such  a  classification 
would  have  been  impossible  at  that  time;  for  even  with  the  strides  that 
have  been  made  in  geology  during  the  last  50  to  75  years,  it  is  still  impos- 
sible to  classify  accurately.  Even  to-day,  in  those  very  districts  cited, 
with  a  tremendous  amount  of  underground  knowledge  available,  no 
geologist  can  say,  pending  actual  development,  exactly  what  areas  will 
be  more  valuable  for  mineral  than  for  agricultural  products. 

The  big  mistake  was  in  not  inserting  in  deeds  to  surface  rights  a  clause 
to  the  effect  that  if  and  when  mineral  discoveries  should  be  made,  the 
public  interest  in  those  minerals  should  be  preserved.  No  provision 
was  made  for  utilizing  underground  rights  to  the  best  advantage  for  the 
common  good;  they  must  lie  idle  until,  in  the  wisdom  of  those  who  never 
bought  them,  they  might  be  developed  to  their  owner's  personal 
advantage. 

There  were  other  mistakes  made,  some  of  them  perhaps  more  serious 
than  the  one  mentioned,  but  they  have  not  to  do  with  the  subject  of  this 
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paper  and  will  not  be  considered  here.  The  mistakes  of  the  past  cannot 
be  rectified;  and  i£  we  go  on  alienating  surface  and  mineral  rights  in  the 
same  manner,  many  of  them  will  be  repeated  in  the  future.  From  time 
to  time,  enactments  and  regulations  have  been  adopted  to  remedy 
previous  defects;  but  they  have  not  been  as  radical  as  conditions  war- 
ranted. In  order  that  we  may  not  continue  to  repeat  the  mistake  re- 
ferred to,  the  logical  thing  to  do  would  be  to  segregate  the  surface  from 
underground  rights  and  treat  them  as  the  two  distinct  resources  that 
they  are,  alienating  the  one  or  the  other  as  it  may  be  sought  for  commer- 
cialjdevelopment. 

If  this  is  not  done,  then  more  than  ever  do  we  need  a  careful  classifica- 
tion of  our  lands  not  only  into  timber,  agricultural,  and  mineral  lands,  but 
a  further  refinement  into  the  kind  of  mineral,  as  coal,  oil,  phosphate,  iron, 
precious  metals,  etc.,  and  however  far  such  classification  is  carried,  we 
can  see  that,  in  all  probability,  a  case  will  soon  arise  in  which  it  has  not 
been  carried  far  enough. 

We  know  to-day  that  it  would  be  advantageous  to  have  all  of  our 
coal,  oil,  gas,  and  brine  lands  classed  separately,  that  we  might  apply 
diifferent  regulations  to  them;  but  in  spite  of  our  advanced  geological 
knowledge,  we  cannot  tell  beyond  question  what  areas  are  going  to  pro- 
duce any  one  of  these  substances  and  what  may  produce  two  or  more  of 
them.  We  cannot  even  tell  with  any  degree  of  accuracy  what  areas  may 
or  may  not  come  under  the  broad  class  of  mineral-bearing,  let  alone  a 
subdivision  of  the  minerals.  Where  then  will  a  further  attempt  at  clas- 
sification lead  us? 

The  classification  that  has  been  done  by  agents  of  the  government 
has  been  well  done.  With  a  vast  unknown  area  to  map  and  classify, 
and  limited  means  with  which  to  accomplish  it,  the  amount  of  work 
done  has  been  remarkable;  and  we  wonder,  not  at  the  mistakes,  but  at 
the  remarkable  accuracy  that  has  been  shown. 

It  would  seem  that  in  advance  of  actual  discovery  our  geologists  and 
the  government  would  be  attempting  the  impossible  in  striving  to  classify 
further  than  has  already  been  done  on  the  unoccupied  areas  of  the  public 
domain,  and  yet  the  necessity  of  varying  regulations  to  suit  the  varying 
mineral  conditions  is  obvious. 

Can  any  better  work  be  done  in  the  future  than  has  been  done  in  the 
past?  Yes,  undoubtedly;  but  in  many  cases  it  will  still  be  unsatisfactory. 
I'he  doubtful  areas  will  remain  subject  to  doubt  until  actual  discovery  is 
made,  and  there  will  be  many  cases  where  absolutely  unthought-of 
minerals  wiU  be  found  in  unsuspected  places. 

If  I  am  correct  in  the  assertion  that  it  was  the  intention  of  the  Federal 
government  to  hold  the  public  domain  as  a  trust  for  the  benefit  of  all  of 
our  people;  if  our  forefathers  were  correct  in  separating  mineral  from 
non-mineral  bearing  lands;  and  if  I  am  correct  in  stating  that  an  exact 
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classification  is  impracticable,  if  not  impossible,  what  may  be  done  to 
harmonize  these  three  propositions?  It  must  be  something  to  protect  the 
public  interest  in  lands;  it  must  protect  the  holder  of  mineral  rights  and 
surface  rights;  and  it  must  permit  us  to  adapt  different  regulations  to 
different  natural  products.  That  something  has  as  its  foundation  the 
segr^ation  of  mineral  rights  from  surface  rights.  Whether  we  do  that 
or  not,  we  must  certainly  classify  various  mineral  rights  for  administra- 
tive purposes.  The  necessity  of  classification  is  so  obvious  as  scarcely 
to  require  argument  or  proof;  our  present  laws  require  it  and  conditions 
demand  it.  What  is  being  done  and  what  has  been  done  in  the  way  of 
classification  is  admirably  set  forth  in  BvUeiin  No.  537  of  the  U.  S.  Geo- 
logical Survey,  issued  in  1913,  which  shows  also  the  aims  and  objects 
of  classification  and  the  necessity  of  carrying  this  procedure  to  far  greater 
lengths  than  have  yet  been  attempted. 

In  March,  1879,  Congress  passed  a  law  doing  away  with  the  Terri- 
torial surveys  and  establishing  the  U.  S.  Geological  Survey.  This  enact- 
ment provided  for  the  classification  of  the  public  lands  and  for  geological 
examination  of  the  public  mineral  resources.  Classification,  under  this 
law,  into  mineral,  agricultural,  and  timber  lands  began  as  soon  as  appro- 
priations were  available  for  the  purpose,  and  continued  on  the  same  lines 
up  to  1906,  when,  through  instructions  issued  from  the  Department  of 
the  Interior,  a  broader  interpretation  was  given  to  the  original  enactment, 
and  classification  was  b^un  with  the  object  of  facilitating  the  adminis- 
tration of  public  lands. 

Quoting  from  BvUetin  No.  537,  previously  referred  to: 

"It  is  apparent,  although  it  has  nowhere  been  expressly  stated  by  Congress,  that 
the  fundamental  principle  guiding  that  body  has  been  to  dispose  of  each  tract  of  the 
public  domain  for  the  use  to  which  it  is  best  adapted.  Thus  the  laws  have  provided 
that  agricultural  entry  should  not  be  made  upon  valuable  mineral  lands,  that  lands 
containing  deposits  of  coal  should  be  sold  only  as  coal  lands,  and  so  on  for  all  other 
classes  of  land." 

In  pursuance  of  this  idea,  withdrawals  from  the  public  domain  have 
been  made  from  time  to  time,  to  be  again  restored  to  entry  when  the  lands 
have  been  properly  classified,  or  regulations  have  been  adopted  under 
which  the  mineral  rights  may  be  developed.  In  most  of  these  classifica- 
tions, the  land  has  been  denominated  coal,  oil,  phosphate,  agricultural,  or 
forest  land,  each  parcel  being  placed  under  that  class  for  which  it  seemed 
best  adapted. 

It  was  not  until  a  comparatively  recent  time  that  any  segregation  of 
surface  from  mineral  rights  was  made;  but  this  has  now  been  done  with 
both  coal  and  phosphate  lands.  Agricultural  claimants  may  take  up 
the  surface  rights  in  certain  districts  without  acquiring  rights  to  any  of  the 
coal  or  phosphate  lying  under  them. 

The  complete  classification  of  the  public  lands  is  a  stupendous  under- 
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taking.  Up  to  the  present  time,  only  the  most  urgent  cases  have  received 
the  attention  that  they  require.  If  the  classification  is  to  be  followed  to 
its  logical  conclusion,  there  will  be  work  for  the  Geological  Survey  for 
many  years  to  come,  so  long  as  there  are  any  natural  resources  that  have 
not  been  alienated  by  the  government.  The  ideal  plan  would  be  to  have 
every  district  properly  and  minutely  classified  before  any  of  the  resources 
were  disposed  of,  and  preferably  before  they  were  applied  for.  This, 
of  course,  is  a  practical  impossibility.  Indeed  some  one  of  the  resources 
of  a  tract  may  not  be  known  until  after  another  is  exhausted,  and  it  is 
utterly  impossible  for  any  geologist,  chemist,  or  engineer  to  look  into  the 
future  far  enough  to  provide  for  what  may  ultimately  be  found.  The 
government  has  never  made  any  provision  for  a  complete  classification 
of  the  public  domain.  It  would  be  a  very  heavy  expense  and  one  of 
questionable  propriety  for  several  reasons;  but  if  we  could  have  such  a 
classification  with  a  flexible  arrangement  permitting  of  alterations  as 
knowledge  increased,  it  would  be  of  immense  value  in  the  administration 
of  the  public  domain. 

At  the  time  any  piece  of  land  is  applied  for,  one  of  its  resources  will 
no  doubt  have  been  recognized;  but  that  all  of  its  possibilities  have  been 
foreseen  i»  improbable.  When  one  useful  resource  is  recognized,  and  ap- 
plied for,  it  is  neither  fair  nor  right  that  the  applicant  be  given  that  for 
which  he  has  no  use  and  for  which  he  does  not  care;  it  is  not  fair  that  the 
granting  of  rights  be  held  up  pending  an  indefinite  period  of  investigation 
of  those  resources  for  which  the  applicant  has  neither  desire  nor  need;  nor 
is  it  right  that  the  government  be  put  to  the  expense  of  investigating 
resources  that  are  not  asked  for. 

To  give  the  applicant  that  which  he  wants  as  early  as  he  wants  it, 
to  avoid  classification  expense  by  the  government  at  a  time  when  it 
is  not  absolutely  needed,  and  to  conserve  the  rights  of  the  people — ^all 
this  may  be  accomplished  simply  by  segregating  the  rights  into  certain 
groups  and  disposing  immediately,  under  appropriate  laws,  of  the  right 
asked  for. 

An  objection  that  is  offered  to  classification  is  that  it  is  regarded  as 
impracticable,  and  instances  are  referred  to  where,  in  the  past,  certain 
lands  were  classed  as  agricultiu'al  that  are  now  known  to  be  mineral,  and 
are  not  open  to  prospecting.  Rather  than  an  argument  against  classifi- 
cation, I  take  it  that  this  really  is  a  strong  argument  for  more  careful 
classification  in  the  future.  Those  using  the  above  argument  are 
opposing  segregation  also;  and  yet  had  segregation  been  in  vogue  at  the 
time  these  lands  were  patented,  the  complaint  now  made  would  have  no 
existence. 

S^regation  of  mineral  rights  would  injiu-e  the  farmer,  the  timber 
owner,  and  perhaps  the  town-lot  owner,  in  that  it  might  take  away  from 
him  his  rights  in  something  that  he  had  not  paid  for,  was  not  expecting,  or 
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was  procuring  by  fraud.  But  so  long  as  he  is  entirely  protected  in  what  he 
did  buy,  his  rights  are  not  comparable  with  those  that  should  be  reserved 
for  the  miner  or  one  who  is  willing  to  risk  a  stake  to  see  what  is  under  the 
surface.  It  is  useless  to  classify  now,  and  expect  such  classification  to 
hold;  we  must  have  something  flexible  through  which  we  can  make  adjust- 
ments as  occasions  arise.  * 

It  is  noted  that  many  of  those  who  argue  against  leasing,  classification, 
or  segregation,  and  in  favor  of  alienation  of  everything,  say:  ''Let  there 
be  a  proper  classification  and  then  stick  by  that  classification."  But, 
they  do  not  say  how  we  are  to  make  a  proper  classification  to-day,  and 
to-day  is  when  it  is  needed.  To-day  we  cannot  tell  with  positiveness 
what  minerals  will  some  day  be  found.  If  we  could,  I  think  that  the 
most  of  us  would  join  in  saying  ''  classify  properly  and  then  stick  by  that 
classification,  selling  or  leasing,"  but  as  we  cannot  classify  for  all  time 
to  come,  let  us  segregate  the  surface  rights  from  the  mineral  rights,  and 
when  one  after  another  valuable  mineral  is  found,  we  can  apply  appro- 
priate legislation. 

The  present  agitation  with  regard  to  radiiun  is  much  to  the  point.  It 
is  proposed  to  withdraw  all  public  lands  from  locations  that  are  supposed 
to  contain  radio-active  elements.  In  view  of  our  present  very  limited 
knowledge  of  this  element  and  its  associates,  I  think  such  withdrawals 
are  going  rather  far.  This  will  certainly  not  encourage  prospecting  in  the 
public  domain;  and  if  radio-active  elements  are  as  valuable  as  we  hope 
they  are,  the  one  thing  that  we  want  to  encourage  is  the  prospecting  for 
them.  It  is  suggested  that  the  government  will  do  the  prospecting. 
With  all  faith  in  the  U.  S.  Geological  Survey,  and  with  all  due  respect  to 
it,  I  do  not  think  we  should  call  on  the  Survey  to  do  our  prospecting.  Let 
the  regulation  come  in  the  production,  or  sale,  or  exportation  of  the  prod- 
uct, bdt  do  not  tell  the  prospector  that  he  must  not  hunt  for  the  element. 
Here  again  the  remedy  is  the  segregation  of  surface  from  mineral  rights. 
Let  the  surface  go  for  agricultural  or  other  purposes;  if  gold  is  found  let 
that  go  too;  or  if  iron  or  coal,  let  them  be  operated  under  regulations 
applying  to  those  substances;  and  if  radium  is  found  let  regulations  be 
applied  to  suit  the  emergency;  but  do  not  withdraw  the  land  from  entry 
for  those  purposes  for  which  we  know  that  it  is  useful.  Just  how  far  it 
may  be  advisable  to  go  with  segregation  at  the  present  time,  is  a  question; 
but  the  work  that  has  been  done  by  the  government  in  this  direction  has 
been  so  satisfactory  that  it  certainly  is  practicable  to  go  much  further. 

Owing  to  the  fact  that  agricultural  rights  have  been  interfered  with 
by  the  withdrawal  policy  of  the  government,  and  because  it  is 
extremely  imfortunate  to  interfere  with  agricultural  settlement  when 
there  is  any  demand  for  the  land,  certain  segregation  or  separation  acts 
have  been  passed,  covering,  however,  certain  lands  only.  The  first  Act, 
March,  1909,  provides  for  the  case  of  a  settler  who  has  selected  for  agri- 
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cultural  purposes  non-mineral  land  which  is  reported  later  to  be  coal  land. 
The  settler  may  acquire  title  to  the  surface  only,  and  be  entitled  to  recover 
damages  if  the  surface  is  damaged  or  the  farm  interfered  with  by  subse- 
quent mining  operations — the  title  to  the  coal,  of  course,  remaining  in 
the  government. 

The  second  Act,  that  of  June  22,  1910,  permits  agricultural  entries  on 
land  already  classed  as  coal  land.  The  agricultural  entry  is,  of  course,  for 
surface  rights  only.  A  third  Act,  of  Aug.  24,  1912,  permits  the  filing  of 
agricultural  claims  over  certain  areas  in  Utah  already  classified  by  the 
government  as  oil  or  gas  land. 

Bills  have  been  introduced  extending  this  principle  to  lands  in  other 
States  than  Utah  and  to  phosphate  lands  in  Idaho. 

Thus,  in  a  very  few  cases,  the  government  is  segregating  surface  from 
undei^round  rights  with  the  object  of  permitting  the  surface  to  be  used 
just  as  soon  as  any  one  wants  it,  and  permitting  this  without  alienating 
its  rights  to  the  unknown  mineral  resources  below  the  surface. 

Quoting  from  Secretary  Fisher: 

''The  law  at  present  does  not  provide  for  the  creation  of  any  rights  in  supposedly 
mineral  land,  except  by  the  issuance  of  patents,  and  in  that  regard  Ck)ngress  has  pro- 
vided that  a  patent  can  follow  only  on  a  legal  location  and  has  said,  'but  no  location 
of  a  mining  claim  shall  be  made  until  the  discovery  of  the  vein  or  lode  within  the  limits 
of  the  dlaim  located." 

Because  of  this  difficulty  of  securing  title  to  deep-seated  deposits,  a 
certain  area  in  Arizona  was  withdrawn  in  September,  1912,  from  any  but 
mineral  entry.  This  tract  is  one  on  which  no  mineral  outcrops,  but 
which  members  of  the  Geological  Survey  regard  as  favorable  for  the  exis- 
tence of  deep-seated  copper  deposits.  This  land  will  be  held  by  the  gov- 
ernment pending  such  discovery.  In  the  meantime,  the  surface  can  be 
used  for  no  other  purpose.  By  segregating,  the  surface  could  be  used  for 
any  purpose  whatever  and  the  mineral  title  held  back  until  there  was 
sufficient  reason  for  doing  the  deep  work. 

Under  the  existing  laws,  the  locator  of  a  placer  claim  secures  his  rights 
under  conditions  far  from  satisfactory.  He  must  make  affidavit  that 
there  is  no  vein  or  lode  within  the  claim,  also  that  it  is  not  taken  up  for  the 
piu-pose  of  controlling  water  or  for  the  use  of  timber.  And  when  he  has 
sworn  to  these  exceptions  and  secures  his  patent,  he  is  liable  to  lose  his 
title  at  any  time  because  some  one  else  believes  that  fraud  has  been 
committed. 

A  valuable  vein  may  be  discovered;  a  contest  is  almost  sure  to  be  filed; 
and  the  innocent  party  is  put  to  heavy  expense,  if  he  does  not  lose  his 
property.  Again  a  low-grade  vein  may  be  opened  which  because  of  local 
conditions  is  of  no  commercial  importance.  In  the  course  of  time,  with 
improved  transportation  and  better  methods,  this  vein  becomes  a 
''commercial  proposition,"  but  the  vein  is  not  locatable  because  of  previous 
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alienation  of  the  surface  and  everything  within  the  surface.  It  is  a  re- 
source that  has  been  lost  to  the  prospector  and  to  the  public,  and  thus 
an  injustice  has  been  done  in  granting  what  was  not  asked  for  or  paid  for. 
Had  the  surface  or  placer  rights  been  segregated  from  the  vein  rights,  the 
original  locator  would  have  been  free  from  litigation,  and  the  public's 
interest  in  the  resources  not  asked  for  would  have  been  conserved. 

If  segregation  were  in  force  at  the  present  time,  early  classification 
would  not  be  so  essential  as  we  now  consider  it  to  be.  We  would  not 
have  to  class  large  areas  as  coal,  oil,  phosphate,  or  salt  lands,  probably 
including  in  such  classification  many  acres  of  no  value  for  mining  pur- 
poses, and  omitting  many  acres  valuable  for  the  underground  rights.  We 
would  simply  give  title  to  the  surface;  or,  if  it  was  the  mineral  constituent 
that  was  the  main  feature  of  value,  the  government  could  permit  its 
exploitation  xmder  appropriate  regulations  for  that  particular  substance. 
No  agricultural  or  other  lands  would  be  held  up  for  lack  of  classification; 
and  the  expense  of  an  unnecessary  or  useless  classification  would  be 
avoided. 

With  segregation  in  force,  lands  would  classify  themselves  when  min- 
erals were  discovered  and  would  automatically  subject  themselves  to  the 
r^ulations  belonging  to  their  proper  class.  If  new  minerals  are  discovered, 
the  value  of  which  is  at  present  unknown  or  uncertain,  the  government, 
not  having  disposed  of  its  rights,  will  be  in  a  position  to  formulate  regula- 
tions that  will  encourage  development  and  exploration.  If  our  laws  are 
based  entirely  on  facts,  eliminating  all  theories  and  opinions,  we  can 
certainly  expect  better  results.  Basing  law  on  facts  will  prevent  the 
issuance  of  titles  where  undeserved,  and  where  fraud  may  be  intended. 

Alienation  may  or  may  not  follow  segregation.  If  surface  rights  are 
to  be  alienated,  and  few  suggestions  have  been  made  to  the  contrary, 
s^r^ation  will  simply  hold  title  to  mineral  in  abeyance  until  some  one  is 
ready  to  develop  the  mineral  resources  of  the  tract.  Then  this  right 
i6o  may  be  alienated  if  desired.  In  the  event  of  a  person  acquiring  title 
to  a  piece  of  land  which  he  has  reason  to  believe  will  some  day,  by  reason 
of  its  geographical  location,  control  an  important  industry  and  become 
very  valuable,  I  thoroughly  believe  that  he  and  his  heirs  or  assigns  are 
wholly  entitled  to  the  so-called  unearned  increment  because  of  the  man's 
foresight.  Should  he  spend  his  fortune  to  develop  this  property,  he  is 
so  much  more  entitled  to  the  increased  value.  Regardless  of  the  success 
or  failure  of  his  surface  development,  should  it  subsequently  be  discovered 
that  he  had  located  on  a  valuable  diamond  pipe,  an  important  iron  or  fuel 
deposit,  and  that  he  had  suddenly  become  wealthy  because  of  this  dis- 
covery, it  must  certainly  be  regarded  as  an  unearned  increment  to  which 
he  has  no  just  right. 

In  the  mining  and  treatment  of  precious  metals  it  is  customary  to  use 
a  great  deal  more  surface  than  corresponds  to  the  area  underlain  with 
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useful  vein  matter.  The  operator  needs  a  place  for  his  mining  and 
milling  plant,  his  tailings,  and  dwellings.  Sometimes  he  requires  addi- 
tional surface  because  of  the  timber  that  grows  upon  it.  In  other  words, 
when  a  man  works  a  vein,  he  needs  all  the  surface  included  in  his  claim 
and  more  too.  From  which  it  might  be  suggested  that  the  surface  rights 
should  not  be  separated  from  underground  rights  in  the  case  of  precious 
metals,  lead,  copper,  and  zinc.  In  the  past  this  need  of  surface  rights  has 
caused  the  prospector  to  locate  much  more  ground  than  he  really  required, 
locating  and  holding  it  as  mineral  claims,  doing  no  work  to  benefit  its 
mineral  possibilities,  and  really  securing  title  to  it  through  a  technical 
fraud.  Or  if  he  has  not  done  this,  he  has  been  forced  to  buy  his  neighbors' 
claims  at  mine  prices,  just  to  secure  surface  rights.  Were  the  two  kinds 
of  rights  separated,  each  and  as  much  of  each  as  was  desired  could  be 
purchased  or  acquired  without  technical  fraud,  and  often  the  desired 
surface  rights  could  be  more  favorably  located  than  if  the  prospector 
were  allowed  to  take  only  those  within  the  boundary  of  his  mineral  claim. 

A  very  few  objections  have  been  offered  to  segregation.  Of  61 
mining  men  who  have  expressed  an  opinion  on  the  subject,  I  note  that 
7  are  imdecided,  15  are  opposed  to  it,  and  39  are  in  favor  of  it.  Very  few 
of  those  who  are  opposed  to  segregation  have  given  any  reason  except 
that  they  believe  it  impracticable;  some  suggest  that  there  will  be  a  con- 
fusion of  ownership.  Theoretically  this  may  be  the  case.  In  practice 
it  has  been  found  that  the  owner  of  mineral  rights  has  generally  been  able 
to  acquire  all  surface  rights  required  for  construction  and  operating 
purposes,  and  generally  these  have  been  acquired  direct  from  the  surface 
owner  more  quickly  and  on  better  terms  than  by  acting  through  the 
government,  even  though  there  existed  government  machinery  for  the 
purpose. 

Some  have  contended  that  it  is  impossible  to  segregate  all  minerals 
from  surface  r^hts,  taking  as  examples  Mesabi  iron  ores,  the  Pennsyl- 
vania cement  limestones,  and  the  clay  banks  everywhere  which  may  some 
day  be  mined  for  aluminiun.  That  the  mining  of  any  one  of  these  sub- 
stances will  involve  the  destruction  of  the  surface  over  the  body  worked, 
must  be  admitted;  but  it  does  not  follow  that  because  of  these  exceptions 
we  must  always  treat  the  surface  and  its  underground  resources  as  one  and 
the  same  thing.  If  a  man  desires  to  mine  iron  ore  or  quarry  limestone 
or  slate,  there  is  nothing  in  the  segregation  idea  to  prevent  him  from  gelr- 
ting  all  of  the  land  he  wants. 

If  it  is  desired  to  allow  ownership  of  land  to  include  ownership  of 
superficial  non-metallic  substances,  as  in  Australia,  this,  it  has  been  f  oimd, 
can  be  done  without  any  complications  whatever. 

About  all  of  the  objections  offered  to  segregation  suggest  that  the 
objectors  do  not  want  to  see  a  change  made  for  fear  that  some  unforeseen 
trouble  may  arise.    But  segregation  is  not  an  experiment.     Mineral 
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rights,  water  rights,  and  timber  rights  have  been  recogniised  as  distinct 
from  agricultural  rights  in  many  lands,  for  many  years.  Canadian 
Provinces  and  Australian  States  have  conducted  their  affairs  under  laws 
which  did  not  s^regate  and  did  alienate,  and  they  have  also  worked 
under  laws  where  segregation  was  followed  and  lands  were  sold,  or  leased. 
Of  operated  for  the  production  of  that  with  which  nature  had  endowed 
them.  Mismanagement  has  at  various  times  attended  the  adminis- 
tration; but  the  tendency  that  has  been  most  beneficial  has  been  toward 
more  governmental  control,  and  not  less.  In  these  coimtries  there  will  be 
no  return  to  the  practice  of  selling  everything  within  given  boundaries, 
regardless  of  what  may  be  there,  and  for  what  it  may  be  useful. 

In  nearly  all  of  the  Provinces  of  Canada,  there  are  three  distinct  rights 
in  every  parcel  of  land,  timber  rights,  mineral  rights,  and  agricultural 
rights.  In  some  instances  these  rights  are  all  held  by  one  individual  or 
corporation;  in  others  they  are  held  by  three  different  ownerships.  The 
miner  is  at  some  disadvantage,  for  he  is  only  entitled  to  cut  such  timber 
as  he  requires  for  his  buildings;  but  he  can  buy  stumpage  at  a  nominal 
rate  and  does  not  go  through  the  farcical  scheme  of  making  mineral 
locations  and  doing  assessment  work  just  to  hold  timber.  Under  the 
above  arrangement,  the  miner,  unless  he  buys  surface  and  timber  rights, 
does  at  times  find  himself  in  confiict  with  the  timber  and  land  owner, 
but  it  is  not  a  serious  confiict;  and  as  the  mineral  is  apt  to  be  of  greater 
temporary  importance  than  the  other  rights,  the  miner  appears  to  be 
somewhat  favored. 

In  Australia,  the  s^regation  of  surface  from  mineral  rights  has  been 
the  custom  in  most  of  the  colonies  for  many  years.  There  a  person 
who  has  obtained  title  to  a  piece  of  land  for  cultivation,  building,  or 
other  improvement,  is  presumed  to  have  taken  it  up  for  that  purpose  only, 
and  not  for  the  unknown  natural  resources  that  it  may  ultimately  prove 
to  hold.  The  State  does  not  reserve  all  values,  such  as  the  unearned 
increment  due  to  some  peculiar  geographical  position,  proximity  of 
railways  or  power  plant,  etc.,  nor  does  it  retain  surface  deposits  of  clay, 
slate,  lime,  etc.    These  are  conveyed  with  the  surface  rights. 

In  practical  operation,  it  has  been  found  easier  and  simpler  to  make  an 
arrangement  with  the  owner  of  surface  rights  to  work  on  his  ground  than 
it  has  been  to  get  that  right  through  the  government  by  any  condemnation 
proceedings.  The  great  advantage  in  Australia  has  been  that  it  has 
thrown  any  and  all  land  open  to  agricultural  location  without  interfering 
with  the  rights  of  the  prospector,  both  of  which  have  been  of  prime  im- 
portance in  the  development  of  that  country.  And  the  tendency  is 
rather  toward  restricting  the  rights  of  the  land  owner,  making  conditions 
easier  for  the  prospector  of  minerals. 

While  s^regation  of  surface  from  mineral  rights  would  not  cure  all 
existing  difficulties  connected  with  our  present  mining  laws,  it  would. 
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because  of  the  very  different  nature  of  these  rights,  simplify  the  appli- 
cation of  remedies.  The  Federal  government  could  encourage  the  de- 
velopment of  the  surface  or  of  the  imderground  portion,,  without  sacri- 
ficing the  interest  of  the  public  in  that  feature  which  is  not  to  be  immedi- 
ately developed.  The  immediate  necessity  of  classification  with  attend- 
ing expense  and  uncertainty  would  be  avoided,  and  (he  application  of 
certain  laws  to  certain  classes  of  mineral  substances  could  be  deferred 
until  the  mineral  was  discovered.  The  regulation  of  surface  and  mineral 
rights  could  be  enforced  without  serious  conflict.  In  short,  segregation 
will  conserve  our  mineral  resources  for  those  who  wish  to  develop  them, 
and  the  lands  will  be  held  in  such  shape  that  appropriate  laws  may  be 
enforced  without  detriment  to  those  not  interested  in  mining. 

Discussion 

R.  W.  Raymond,  New  York,  N.  Y. — The  very  clear  and  logical  ex- 
position of  Mr.  Sharpless  is  based  on  premises  not  yet  established.    It 
assumes,  in  the  first  place,  that  the  legal  purpose  of  the  classification  of 
public  lands,  as  carried  on  hitherto,  has  been  to  fix  their  character  accu- 
rately for  purposes  of  administration;  whereas,  the  so-called  "  mining  law" 
of  the  United  States  is  simply  a  set  of  rules  for  selling  the  public  mineral 
lands,  and  has  no  more  direct  relation  to  mining  than  the  agricultural 
land  law  has  to  agriculture.    It  creates  particular  classes  of  lands,  such 
as  mineral  lands  containing  lodes,  placers,  salines,  coal,  petroleum,  etc., 
and  prescribes  the  way  in  which  tracts  of  each  class  may  be  temporarily 
occupied,  and  ultimately  purchased,  and  defines  the  nature  of  the  title 
to  be  conveyed  to  the  purchaser.    Its  purpose,  like  that  of  the  agricul- 
tural-land law,  is  to  transfer  the  public  domain  outright  to  its  citizens,  in 
such  a  way  as  to  encourage  private  enterprise  and  discourage  monopoly. 
Since  it  fixed  different  units  of  area,  different  forms  of  procedure,  different 
limitations  of  tenure  and  title,  and  different  prices  per  acre  for  these 
different  classes  of  public  lands,  it  was  highly  important  for  the  exploring 
or  investing  citizen  to  know  in  which  class  the  United  States  as  land  owner 
had  placed  the  particular  tract  he  desired,  so  that  he  might  know  the 
kind  of  title  he  could  acquire,  and  by  what  method,  under  what  conditions, 
and  at  what  price.    Obviously  it  would  have  been  quite  sufficient  for 
this  purpose  if  the  United  States  had  simply  said  "This  we  call  mineral 
land,  and  will  sell  it  under  the  mineral-land  law.    If  you  find  it  more  or 
less  valuable  than  the  price  you  paid,  that  is  yoiu*  lookout.    A  bargain 
is  a  bargain."     That  is  what  an  honest  private  land  owner  would  have 
done.    And  a  part  of  it  is  actually  done  by  the  United  States.     It  re- 
quires of  the  mineral-land  locator  that  he  shall  discover  valuable  deposits 
before  acquiring  title;  but  if  it  turns  out  afterward  that  the  deposits 
were  not  valuable,  so  that  the  purchaser  was  deceived  (as  is  actually  the 
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case  with  the  majority  of  mining  claims  patented  hitherto),  the  United 
States  does  not  dream  of  returning  to  him  the  cost  of  surveys  and  patent 
proceedings  which  he  has  sustained.  In  that  case,  a  bargain  is  a  bargain. 
But  if  a  tract  of  supposed  agricultural  land,  granted  as  such,  turns  out 
to  be  more  valuable  for  mining,  the  United  States  tries  to  take  away  from 
its  own  grantee,  on  the  ground  of  this  later  discovery,  the  title  it  has  given 
him.  An  illustration  may  be  found  in  the  suits  now  pending  against  the 
Southern  Pacific  R.  R.  Co.,  attempting  to  annul  the  title  of  that  company 
to  certain  lands  granted  to  it,  and  of  all  the  people  who  have  purchased 
parts  of  such  lands,  on  the  ground  that  petroleum  has  lately  been  found 
in  them,  or  so  near  them  as  to  warrant  the  classing  of  them  as  petroleum 
lands.  The  basis  of  these  suits  is  the  provision  in  the  grant  to  the  railroad 
that  it  does  not  include  mineral  lands,  and  the  claim  that  the  mineral 
character  of  the  land,  no  matter  how,  or  how  much  later,  established, 
should  be  held  to  vitiate  the  original  grant.  No  doubt  this  proposition 
has  plausible  legal  force,  since  nobody  can  deny  that  a  thing  explicitly 
reserved  in  a  deed  was  never  granted;  and  if  mineral  lands  were  thus  re- 
served from  railroad  grants,'  the  only  defenses  which  the  railroad  company 
can  now  set  up  would  seem  to  be  (1)  that  petroleum  is  not  a  mineral, 
and  hence  that  petroleum-bearing  lands  are  not  mineral  lands;  and  (2) 
that,  whatever  be  the  value  of  the  first  defense,  the  word  mineral,  as 
used  all  over  the  Pacific  slope,  at  the  time  when  the  grant  was  made, 
meant  ore — i.e.,  a  solid,  including  mechanically,  or  in  chemical  combina- 
tion, a  valuable  metal — and  that,  at  that  time,  petroleum-bearing  lands, 
though  known  to  exist  in  California,  as  well  as  in  Pennsylvania,  etc., 
were  never  included  among  "mineral"  lands.  Upon  the  common-law 
principle,  that  a  deed  or  contract  expresses  the  mutual  understanding 
of  the  parties,  and  must  be  construed  according  to  that  understanding, 
it  may  be,  in  my  opinion,  justly  held  that  petroleum-bearing  lands,  not 
being  regarded  at  the  time  of  the  grant  as  "mineral"  lands,  were  not 
included  in  the  aforesaid  reservation.  This  I  regard  as  a  sufficient 
defense  of  the  railroad  company  and  its  innocent  grantees  in  the  cases 
I  have  mentioned;  but  I  think  it  is  an  outrage  that,  after  forty-odd  years 
of  i>eacef ul,  bona  fide  possession,  and  after  innumerable  sales  of  so-called 
agricultural  land  to  innocent  purchasers,  the  original  title  given  by  the 
United  States  should  be  assailed  on  such  grounds.  Simple  honesty,  such 
as  obtains  between  man  and  man,  would  require  that  the  United  States, 
as  grantor  of  the  land,  should  determine,  before  its  sale,  in  what  class  it 
had  decided  to  place  it,  and  then  stand  by  its  own  decision. 

I  could  give  many  other  illustrations,  all  carrying  one  moral — namely, 
that  after  all  precautionary  measures  and  forms  have  been  duly  complied 
with,  the  title  to  land,  given  by  the  United  States,  should  be  definite 
and  indefeasible.  The  new  policy,  advocated  by  some,  of  perpetual 
government  ownership  of  mineral  rights,  is  not  in  question  here.  Even 
VOL.  xLvm. — ^26 
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the  advocates  of  that  policy  must  agree  that,  so  long  as  the  present  system 
of  selling  mineral  lands  outright  is  continued^  the  government  ought  to 
give  clear  and  final  title  to  purchasers.  For  this  purpose,  it  is  relatively 
immaterial  whether  its  "classification"  be  scientifically  correct  or  not, 
if  it  only  binds  the  government  and  protects  its  grantees. 

In  a  word,  the  argument  of  Mr.  Sharpless  has  noteworthy  force  only 
on  the  assumption  that  the  United  States  is  expected  to  administer  its 
natural  resources  permanently  as  the  property  of  the  whole  nation,  and 
not  to  transfer  them  to  private  citizens  or  to  the  several  States.  Con- 
cerning that  policy,  I  have  elsewhere  expressed  and  supported  my  views 
in  other  contributions  to  the  Institute. 
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The  Location  of  Mining  Claims  Upon  Indian  Reservations 

BT  WILL  L.   CLABK,   JBROMB,   ARIZ. 
(New  York  Meeting.  February,  1914) 

He  who  enters  a  mining  claim  within  an  Indian  reservation  of  the 
United  States  of  America  acquires  no  rights  thereby,  because  of  the  fact 
that  the  lands  within  such  Indian  reservation  are  not  a  part  of  the  public 
domain,  and  cannot  be  located  or  acquired  as  mineral  land.  However, 
where  such  an  entry  is  authorized  as  to  a  particular  reservation  by  an  Act 
of  Congress,  such  claims  as  may  be  entered  under  such  authorization 
are  thereby  segregated  from  the  reservation,  and  the  Indian  title  is 
extinguished. 

Under  the  Choctaw  Constitution,  any  citizen  of  that  nation,  in  other 
words  any  Choctaw  Indian,  who  discovered  a  coal  mine,  acquired  an 
exclusive  right  to  all  coal  within  a  radius  of  1  mile. 

The  laws  of  the  Chickasaw  nation  provided  for  the  formation  of  cor- 
porations to  develop  coal  and  other  mines,  with  authority  to  contract 
with  others  to  develop  and  work  the  mines.  Under  these  laws,  leases 
were  made;  but  Congress  subsequently  abrogated  all  existing  leases, 
prohibited  all  persons  from  receiving  royalties  from  such  mines,  and  pro- 
vided that  all  coal  within  the  nation  should  remain  the  common  property 
of  the  tribes.  Such  leases  are  now  expressly  prohibited  by  an  Act  of  Con- 
gress (32  United  States  Statutes  at  Large,  655).  All  leases  of  mineral 
lands  upon  Indian  reservations  must  now  be  made  under  regulations  pro- 
mulgated by  the  Secretary  of  the  Interior,  and  the  royalties  must  be  paid 
into  the  United  States  Treasury  for  the  benefit  of  the  tribes. 

In  Canada  the  Indians  have  no  rights  to  the  royal  mines  and  minerals, 
and  the  government  can  make  no  stipulation  with  the  Indians  which 
would  affect  the  rights  of  the  Province  in  which  the  lands  are  situated. 

Therefore,  while  it  is  true  that  under  our  present  law  no  rights  can  be 
acquired  to  a  mining  claim  within  an  Indian  reservation,  it  seems  to  be 
fully  within  the  authority  of  Congress  to  make  laws,  giving  such  rights  to 
mineral  locators  as  it  may  deem  necessary  or  expedient. 

There  is  a  demand  for  a  general  law  that  will  permit  mining  upon 
Indian  reservations,  and  I  am  informed  that  most  of  the  members  of  both 
houses  of  Congress  from  the  Western  States  are  in  favor  of  Congress  pass- 
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ing  a  bill  which  will  permit  the  working  of  mineral  claims  discovered  upon 
Indian  reservations. 

The  following  letters  from  members  of  the  Senate  and  House  of  Repre- 
sentatives are  quoted  in  support  of  this  assertion. 

House  of  Rbpbesentatives, 
Washington, 

August  15,  1913. 

"There  is  a  great  demand  for  a  general  law  that  will  permit  mining  upon  Indian 
reservations.  As  the  law  now  is,  the  Secretary  of  the  Interior  cannot  permit  metal 
mining  under  any  circumstances.  It  seems  to  me  that  a  law  should  be  passed  authoriz- 
ing financially  responsible  parties  to  enter  the  reservations  for  the  purpose  of  mining 
upon  the  payment,  in  cash,  of  a  small  annual  charge  for  each  claim  located,  and  when- 
ever any  bullion  is  produced,  a  royalty  to  be  paid  upon  the  same.  This  royalty  ought 
to  be  equivalent  to  the  amount  that  the  same  company  would  pay  in  State  and  County 
taxes  if  it  were  located  outside  of  the  reservation. 

"Of  course,  no  company  will  spend  the  money  that  is  necessary  in  ordd^  to  develop 
a  large  property  upon  a  mere  permit  from  the  Secretary  of  the  Interior  which  may  be 
revoked  at  any  time.  The  law,  therefore,  should  specifically  set  forth  what  is  required, 
and  when  the  conditions  are  complied  with,  there  should  hB  no  doubt  about  the  right 
of  the  company  to  continue  its  operations  within  the  reservation. 

"Carl  Haydbn." 

United  States  Senate, 

December  22,  1913. 

"I  have  an  idea,  without  looking  more  closely  into  the  matter,  that  reservations 
created  by  Executive  Order,  as  distinj^ished  from  reservations  created  by  Act  of  Qon- 
gress,  do  not  carry  title  to  mining  lands  within  such  reservations.  The  law  says  that 
the  mineral  lands  shall  be  free  to  exploration  and  purchase  by  citizens  of  the  United 
States,  and  I  have  a  doubt  as  to  the  President's  power  to  modify,  that  law  by  spreading 
Indian  reservations  over  these  lands.  I  shall  bring  this  matter  up  in  Congress  soon 
after  the  recess.  In  fact,  I  have  already  introduced  a  resolution  in  the  Senate  inquiring 
into  this  very  question,  and  the  resolution  now  lies  on  the  table  to  be  taken  up  by  me. 
After  submitting  such  remarks  as  I  shall  deem  pertinent,  it  will  be  referred  to  the  Com- 
mittee on  the  Judiciary  for  an  answer  to  that  question. 

"M.  A.  Smith," 

United  States  Senate, 
Washington,  D.  C, 

December  29,  1913. 

"I  have  read  Mr.  Anderson's  letter  with  much  interest.  He  correctly  states  that 
under  the  present  law  no  rights  can  be  acquired  to  a  mining  claim  within  an  Indian 
reservation,  and  he  is  of  opinion  that  it  is  fully  within  the  authority  of  Congress  to  pass 
a  law  giving  such  rights  to  mineral  locators  as  Congress  may  deem  expedient.  I  feel 
very  certain  that  many,  if  not  most,  of  the  members  of  both  houses  of  Congress  from 
the  Western  States,  who  have  had  personal  experience,  are  opposed  to  the  ]K>licy  of 
locking  up  all  the  mining  lands,  and  they  take  the  position  that  it  would  be  a  whole- 
some thing  if  Congress  should  pass  a  bill  providing  for  the  working  of  mineral  claims  on 
Indian  reservations. 

"Hbnht  F.  Ashubst." 
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Mining-Law  Revision:  How  to  Obtain  It 

BT  EDMUNB  B.  KIRBT,  ST.   LOUIS,  110. 
(New  York  MeeUng,  February.  1914) 

This  meeting  marks  the  point  at  which  the  long-standing  dissatisfac- 
tion with  the  mineral-land  laws,  the  innumerable  protests  against  them, 
and  the  many  isolated  efforts  to  obtain  relief,  have  developed  into  a  gen- 
eral movement  for  their  revision. 

That  part  of  the  mining  industry  which  is  affected  by  these  laws  has 
three  general  organizations  which  are  able  to  speak  for  it:  the  American 
Institute  of  Mining  Engineers,  the  Mining  and  Metallurgical  Society  of 
America,  and  the  Americ^an  Mining  Congress;  all  of  which  are  represented 
in  this  meeting. 

In  the  series  of  able  and  thoughtful  papers  presented  here,  prominent 
men  have  discussed  the  evils  of  the  present  laws  and  some  of  the  reforms 
which  should  be  made  in  them.  We  aU  appreciate  fully  the  ultimate 
value  of  these  studies;  but  we  are  also  painfully  aware  of  the  fact  that 
discussion  of  this  kind  has  been  going  on  for  a  quarter  of  a  century  without 
any  other  effect  than  a  steady  increase  in  the  mass  of  printed  records 
stored  on  library  shelves. 

In  order  to  get  any  practical  result  we  must  induce  an  indifferent  gov- 
ernment at  Washington  to  act,  and  to  do  this  we  must  unite  in  pushing 
some  practical  plan  whereby  it  may  act  in  a  simple  and  effective  way  and 
with  the  least  possible  amount  of  criticism  or  opposition. 

The  actual  question  before  us  is  not  whether  the  mining  laws  are  bad; 
for  their  evils  and  absurdities  are  not  only  beyond  discussion  but  also 
beyond  the  resources  of  a  temperate  and  dignified  vocabulary.  It  is 
not  what  particular  changes  ought  to  be  made;  for  it  is  premature  to  make 
specific  recommendations  until  there  is  some  one  to  listen  to  them. 
Moreover,  we  all  know  that  there  are  wisdom  and  experience  enough 
available,  and  awaiting  that  time,  for  the  creation  of  a  code  which  would 
be  a  model  to  the  mining  world. 

The  practical  question  now  is,  how  to  obtain  the  revision;  and  since  the 
American  Mining  Congress  has  of  late  restricted  its  attention  to  this  phase 
of  the  problem  I  wish  as  one  of  its  representatives  here  to  present  its  views 
upon  the  matter. 
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The  American  Mining  Congress  is  engaged  in  the  work  of  inducing 
Congress  to  undertake  a  general  revision  of  the  mineral-land  laws  and  to 
this  end  it  is  urging  the  appointment  of  a  commission  whose  members 
shall  be  selected  for  their  recognized  knowledge  and  experience  in  the 
mining  industry.  This  commission  shall  consider  the  mining  laws  of  this 
and  other  countries  and  shall  hold  public  hearings  in  the  principal  mining 
communities  of  the  West  and  Alaska;  giving  full  opportunity  for  the 
expression  of  public  opinion  concerning  the  problems  before  it.  Its 
recommendations  shall  be  presented  to  Congress  in  the  form  of  a  fully 
drafted  mining  code.  It  is  not  proposed  to  have  this  include  deposits  of 
coal,  oil,  phosphates,  or  salines,  because  these  are  generally  r^arded  as 
the  subjects  of  other  and  special  legislation. 

The  American  Mining  Congress  is  therefore  not  attempting  at  present 
to  formulate  and  recommend  specific  changes  in  the  mining  laws.  It  is 
concentrating  its  efforts  upon  the  creation  of  machinery  which  will  do  this 
detailed  work  of  the  revision  and  will  do  it  in  a  way  calculated  to  inspire 
the  confidence  of  the  mining  communities  and  appeal  to  the  common  sense 
of  all  men. 

The  definite  plan  of  action  thus  proposed  is  b^ed  upon  the  conviction 
that  no  tinkering  or  patchwork  revision  can  afford  any  perceptible  relief. 
The  present  mining  laws  as  a  whole  are  hopelessly  at  variance  with  the 
geological  realities  of  ore-deposit  structure  and  also  with  the  practical 
operations  of  prospecting  and  mining.  Moreover,  their  various  parts  are 
so  interdependent  that  it  is  practically  impossible  to  correct  individual 
faults  without  revising  the  laws  as  a  whole. 

The  fact  is  also  recognized  that  the  problems  involved  are  very  techni- 
cal and  difficult,  and  that  mining  men  are  in  much  fear  of  changes  framed 
by  legislators  who  do  not  know  these  technical  peculiarities  or  the  practical 
effects  of  mining  laws  upon  the  industry.  This  apprehension  has  led  to 
the  prolonged  endurance  of  present  evils  until  these  have  become  disas- 
trous to  the  industry.  It  is  therefore  necessary  for  safety  and  for  the 
quieting  of  this  fear  that  Congress,  in  making  the  revision,  should  assem- 
ble and  utilize  the  best  wisdom  and  experience  to  be  found  among  min- 
ing men.  This  is,  moreover,  the  only  course  which  will  enable  it  to  make 
a  revision  which  will  be  satisfactory. 

It  is  believed  that  no  revision  can  be  carried  through  which  does  not 
gain  for  itself  the  acceptance  and  support  of  the  mining  communities 
affected  by  it,  and  a  working  plan,  to  be  effective,  must  provide  a  practical 
way  of  securing  this  acceptance.  They  are  already  in  accord  as  to  the 
evils  of  the  present  laws  and  the  fact  that  a  revision  is  necessary.  With 
respect  to  the  details  of  the  changes  required,  however,  there  are  natural 
differences  of  opinion,  and  it  is  necessary  to  compose  such  differences  by 
bringing  them  all  to  a  focus  before  some  authoritative  body  which  has  the 
power  of  decision.    This  body  or  commission  must  necessarily  have  a 
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personnel  which  will  be  known  to  the  mining  communities  and  inspire 
their  confidence. 

It  is  also  believed  that  the  commission  will  find  the  most  important 
part  of  its  work  to  be  the  conduct,  through  its  public  hearings  and  other- 
wise, of  such  a  campaign  of  publicity  and  discussion  as  will  carry  the  min- 
ing public  with  it  to  the  same  conclusions.  This  would  be  accomplished 
by  giving  the  public,  in  one  way  or  another,  full  opportunity  to  talk  itself 
out  upon  the  questions  at  issue. 

The  suggested  draft  for  a  joint  resolution  of  the  Senate  and  House, 
which  is  given  herewith,  embodies  the  essentials  of  the  plan  proppsed, 
which  are  as  follows: 

1.  That  the  revision  shall  be  general. 

2.  That  the  membership  of  the  commission  shall  be  restricted  to  men 

whose  qualifications  for  the  work  are  know^  to  the  mining  industry. 

3.  That  the  commission  shall  hold  its  public  hearings  within  reach  of  the 

mining  communities  and  give  the  public  full  opportunity  to  express 
^    its  views. 

4.  That  the  commission  shall  have  some  reasonable  time  limit  set  upon 

its  task. 

These  foiu*  essentials  require  enough  expansion  to  be  self-explanatory, 
but  prudence  dictates  that  the  temptation  to  add  details  should  be 
resisted.  Practical  experience  has  shown  that  every  detail  introduced 
into  a  measure  of  this  kind  tends  to  create  differences  of  opinion  and  to 
develop  opposition,  and  the  draft  which  will  meet  with  the  most  favor  is 
that  which  best  presents  the  bare  essentials,  unencumbered  by  any  details. 

The  work  already  done  by  the  American  Mining  Congress  has  made  it 
clear  that  the  procedure  described  appeals  to  the  judgment  of  the  great 
majority  of  men  and  reduces  to  a  minimum  the  number  of  objectors.  In 
fact,  it  is  believed  to  be  the  only  practicable  plan  for  obtaining  the  end 
desired. 

Preliminary  Draft  Suggested  for  a  Joint  Resolution  op  the 

Senate  and  House 

That  Congress  shall  undertake  a  general  revision  of  the  laws  relating 
to  mineral-bearing  lands  and  mineral  rights  within  the  United  States  and 
Alaska,  and  such  revision  shall  cover  mineral  deposits  of  every  kind 
except  those  of  coal,  oil,  phosphates,  and  salines,  which  are  set  aside  as  the 
subjects  of  other  and  special  legislation. 

In  view  of  the  technical  nature  of  the  problems  presented  by  the  work  it 
is  desired  to  secure  first  the  results  of  the  knowledge  and  experience  which 
exist  among  those  who  are  engaged  in  the  mining  industry. 

To  this  end  the  President  shall,  within  60  days  hereafter,  appoint  a 
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commission  of  five  memberS;  wbo  shall  be  selected  for  their  recognized 
knowledge  and  experience  in  the  mining  industry^ 

The  commission  shall  consider  the  mining  laws  of  this  and  other  coun- 
tries and  shall  hold  public  hearings  in  the  principal  mining  cent^*s  of  the 
Western  States  and  Alaska,  giving  full  opportunity  for  the  expression  of 
public  opinion  concerning  the  problems  before  it.  Its  recommendations 
shall  be  presented  in  the  form  of  a  fully  drafted  mining  code. 

Within  six  months  after  the  appointment  of  the  commission  its  report 
shall  be  delivered  to  the  President,  who  shall  within  30  days  thereafter 
tranj^mit  it  to  Congress  with  his  further  recommendations,  if  there  be  any. 

Members  of  the  commission  ^hall  receive  $ per  diem,  with  ex- 
penses, and  shall  engage  such  clerical  assistance  as  may  be  necessary  for 
the  work. 

Clause  providing  for  the  necessary  appropriation., 

Discussion 

J.  B.  Tyrell,  Toronto,  Canada. — It  is  rather  an  onerous. duty  I  am 
asked  to  perform  here  in  telling  you  how  our  attempt  was  made  to  draft  a 
new  mining  code  for  the  Dominion  of  Canada.  The  Dominion  of  Canada 
does  not  own  all  its  wild  land.  Most  of  the  various  Provinces,  like  many 
of  your  States,  own  their  public  lands,  so  that  the  Dominion  only  owns 
a  certain  proportion  of  the  more  distant  vacant  land.  These  lands  are 
covered  by  the  Dominion  mining  law. 

A  few  years  ago  the  Canadian  Mining  Institute  suggested  to  the 
Dominion  government  that  it  might  be  allowed  to  co-operate  with  the 
government  in  the  drafting  of  a  new  mining  law  for  the  Dominion,  in  the 
hope  that  such  a  mining  law  might  not  only  be  useful  to  the  Dominion  of 
Canada  itself,  but  might  also  serve  as  a  model  for  the  various  Provinces 
of  Canada,  and  that  sooner  or  later  the  Provinces  would  pass  laws  which 
would  closely  approximate  this  model  law  which  we  were  to  draw  up. 

The  Dominion  government  threw  the  responsibility  back  on  the 
Canadian  Mining  Institute  and  said  to  it:  "You  draw  up  the  Act,  and  if 
possible  we  will  pass  it  for  you."  That  was  under  a  government  which 
two  years  ago  went  out  of  power,  and  since  the  new  government  has  come 
into  power,  while  it  has  considered  our  draft  sympathetically,  it  has  not 
passed  it  into  law. 

We  hope  it  will  take  that  draft  into  consideration  during  this  year  and 
enact  it  into  law,  because  it  embodies,  as  closely  as  we  can  determine,  the 
kind  of  law  which  we  think  would  be  best  for  Canada. 

Now,  the  constitution  of  the  committee  that  was  appointed  to  draft  this 
law  was  about  as  follows:  We  chose  three  or  four  of  those  actual  minmg 
members  of  the  Canadian  Mining  Institute  whom  we  thought  had  most 
experience  and  were  most  competent  to  express  opinions  on  what  a  min- 
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ing  law  should  be.  We  also  added  a  couple  of  lawyers  to  the  committee, 
who  were  to  furnish  the  l^al  assistance  in  doing  the  work  and  in  putting 
the  drafts  into  proper  legal  form.  It  was  not  their  duty,  nor  did  they 
assume;  to  dictate  what  that  law  should  be,  but  they  were  to  assist  us  in 
framing  the  law;  so  that  it  would  be  a  law  which  would  be  considered  as 
being  properly  drawn  by  the  courts. 

I  am  not  going  to  give  you  any  ^nopsis  of  that  draft.  It  is  still  a 
draft,  though  we  hope  to  have  it  enacted  into  law  this  year.  Whether 
it  will  be  or  not,  I  do  not  know.  But  what  I  have  said  may  give  you 
some  idea  of  the  way  in  which  we  imdertook  the*preparation  of  it.  We 
have  endeavored  to  draw  up  a  mining  law  for  the  Dominion  of  Canada, 
covering  the  Federal  lands,  which  we  hope  will  serve  as  a  model,  and  be 
copied  by  the  Provinces  as  soon  as  possible,  so  that  we  will  have  fairly 
harmonious  mining  laws  throughout  the  entire  Dominion. 

In  Canada,  we  do  not  sympathize  with  the  apex  law,  which  as  I  under- 
stand it,  if  I  understand  it  aright,  was  a  product  of  an  erroneous  interpre- 
tation of  Cordilleran  geology.  Leaving  out  the  ore-bodies  in  the  Rocky 
mountains  and  considering  only  those  occurring  in  the  Pre-Cambrian 
and  other  great  formations  throughout  the  eastern  portion  of  the  country, 
I  do  not  think  that  the  apex  law  would  have  suggested  itself  to  anybody. 

Horace  V.  Winchell,  Minneapolis,  Minn. — I  wish  to  call  attention 
to  Senate  File  No.  4373.  Feb.  5,  1914,  Mr.  Smoot  introduced  the  follow- 
ing bill  [not  included  in  this  report],  which  was  read  twice  and  referred  to 
Committee.  Now,  in  connection  with  the  bill,  I  would  say  that  it  has  been 
suggested  that  this  Commission  shall  consist  of  three  members,  all  of 
whom  shall  be  lawyers,  experienced  in  the  practice  of  mining  law.  And 
there  is  a  provision  regarding  a  third  party,  constituting  a  member  of  the 
Geological  Survey,  that  is  eliminated.  And  the  provision  that  said 
code  shall  not  deal  with  coal  and  other  minerals  has  been  crossed  out. 
The  Commission  may  hold  hearings,  instead  of  being  compelled  to,  as  in 
the  original  law.  Will  Senator  Walsh  advise  us  as  to  the  interpretation 
of  this  amendment,  and  others  which  he  may  have  in  mind  at  this  time? 

Senator  Thomas  J.  Walsh,  Helena,  Mont. — The  exactions  incident 
to  my  official  duties  have  been  so  continuous  in  character  as  to  deny  to  me 
any  opportunity  for  reflection  concerning  any  subject  that  might  be  of 
special  interest  to  this  assemblage  and  in  respect  to  the  discussion  of  which 
my  views  ripened  by  study  could  be  regarded  as  a  contribution.  I  shall, 
in  this  situation,  content  myself  with  presenting  a  brief  review  of  legislation 
now  pending  in  Congress,  which  from  its  nature  will  evoke  the  attention 
of  the  members  of  the  American  Institute  of  Mining  Engineers  and  the 
men  with  whom  they  come  into  contact  professionally. 

The  Committe  on  Mines  and'lMining  of  either  House  of  Congress  has 
not  heretofore  been  regarded  as  much  more  than  one  of  the  numerous  paper 
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committees,  created  and  preserved  chiefly  to  aflford  to  the  Representative 
designated  as  its  Chairman,  a  needed  clerk.  It  bids  fair  at  present,  how- 
ever, more  because  of  the  important  legislation  affecting  the  mining  in- 
dustry that  crowds  upon  the  attention  of  Congress  than  by  reason  of  the 
personnel  of  its  membership,  to  be  transformed  from  a  more  or  less  mori- 
bund organization  to  an  active  legislative  force.  The  haste  in  which  this 
rSsumS  is  necessarily  prepared  impels  me  to  confine  my  remarks  to  meas- 
ures that  have  been  referred  or  which  it  is  expected  will  be  referred  to 
the  Senate  Committee. 

The  Revision  Comrriission  Bill. — It  has  had  under  consideration  a  bill 
introduced  by  Senator  Smoot,  for  the  creation  of  a  Commission,  charged 
with  the  duty  of  revising  and  codifying  the  laws  in  relation  to  the  appro- 
priation and  occupation  of  mineral  lands  of  all  kinds,  a  subject  which,  as 
I  am  advised,  has  had  repeated  consideration  by  this  body.  As  the  bill 
came  to  the  Committee  the  Commission  was  to  consist  of  three  members, 
one  of  whom  should  be  a  lawyer  of  experience  in  the  practice  of  mining 
law;  one  a  mining  operator,  and  one  an  ofiicer  of  the  Geological  Survey. 
Being  referred  to  the  Department  for  an  expression  of  its  views,  it  was 
proposed  that  the  membership  be  increased  to  five,  giving  the  Bureau 
of  Mines  a  representative  and  an  additional  representative  to  the  opera- 
tors. It  was,  however,  urged  before  the  Committee  that  as  the  work 
devolving  on  the  Commission  is  the  preparation  of  a  draft  of  a  code  of 
laws,  that  in  the  past  have  given  rise  to  interminable  litigation  and  that 
are  likely  to  be  a  fruitful  source  of  perplexity  to  the. courts  for  years  to 
come,  it  ought  to  be  entrusted  exclusively  to  lawyers  of  eminence  and 
character,  conversant  with  the  troubles  that  have  been  encountered  in 
the  past,  and  most  competent  from  this  experience  and  learning  to  devise 
a  system  under  which  unnecessary  controversies  may  be  avoided  in  the 
future.  While  the  suggestion  might  appear  to  have  originated  in  a 
desire  upon  the  part  of  the  members  to  take  care  of  their  brothers  of  the 
law,  a  little  reflection  will  exhibit  much  merit  in  it.  It  was  advanced 
that  the  Commission  being  authorized  to  hold  public  hearings  through- 
out the  mining  regions  affected,  and  elsewhere,  at  will,  it  would  unques- 
tionably invite  an  expression  of  views  from  operators,  engineers  and 
prospectors,  from  representatives  of  the  Geological  Survey  and  the  Bureau 
of  Mines.  The  bill  contemplates  that  a  report  shall  be  made  before  Jan. 
1,  1915,  and  provides  that  each  member  of  the  Commission  shall  be  paid 
a  salary  of  $500  per  month  for  the  time  actually  devoted  to  the  work. 
It  is  now  over  40  years  since  our  system  of  laws  in  relation  to  the  disposi- 
tion of  mining  lands  was  devised.  Generally  speaking,  it  has  met  the 
conditions  in  a  most  satisfactory  way,  excepting  always  the  part  dealing 
with  the  disposition  of  lands  containing.coal.  That  part  of  the  law  never 
would  have  been  operative  at  all  had  not  the  practice  now  condemned  as 
criminal  been  pursued.    As  the  appropriation  of  coal  lands  has  all  but 
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ceased  in  consequence  of  the  failure  of  the  law  to  recognize  that  an  entry 
of  320  acres  wiQ  not  justify  the  expenditure  necessary  to  the  mining  of 
coal  on  a  commercial  basis,  a  revision  in  respect  to  lands  valuable  for 
coal  is  imperative.  Aside  from  that  feature,  however,  the  conviction  is 
quite  general  that  the  extra-lateral  right  gives  rise  to  complications  so 
numerous  and  serious,  it  is  such  a  prolific  breeder  of  litigation,  not  infre- 
quently characterized  by  imposition  and  perjury,  that  it  ought  to  be 
abandoned.  The  idea  in  which  it  had  its  origin — a  just  purpose  to  stimu- 
late the  prospector  by  assuring  to  him  the  vein  discovered  through  his 
sagacity  and  his  self-Klenial — was  most  commendable.  But  in  practice 
it  often  served  to  deprive  the  enterprising  miner  of  the  legitimate  fruit 
of  his  toil  and  his  expenditures.  Every  lawyer  of  experience  is  familiar 
with  instances  in  which  ore  bodies  of  great  value  have  been  uncovered 
by  expensive  development  made  by  the  owners  of  the  claims  in  which 
they  are  found,  and  who  have  been  obliged  to  yield  them  up  upon  the 
claim  of  an  apex  in  adjacent  territories,  the  owners  of  which  had  no 
suspicion  of  their  existence  and  who  never  exhibited  enterprise  enough  to 
find  them. 

It  will  be  found  profitable  to  compare  the  working  of  the  system  to 
which  we  have  become  attached,  with  those  that  have  been  developed 
during  the  past  two  score  years  in  the  English  colonies,  the  Latin- 
American  republics  and  other  nations  that  have  been  required  to  legislate 
concerning  the  public  mineral  lands.  An  enlightened  public  sentiment 
concerning  our  mineral-land  policies  can  be  formed  only  in  the  light  that 
is  afforded  by  knowledge  of  the  kindred  systems  of  the.  progressive 
peoples  of  the  earth.  A  compilation  of  such  laws,  accompanied  by  a 
brief  explanation  of  their  character  and  the  measure  of  success  which  has 
attended  their  working,  is  all  but  essential  to  comprehend  the  active 
value  of  our  own,  to  make  appreciable  such  defects  as  have  not  obtruded 
themselves  upon  our  notice,  and  to  perfect  our  system  in  the  respects  in 
which  it  appears  faulty.  However  competent  any  one  or  more  members 
of  Congress  might  be  to  undertake  or  perform  such  a  task,  it  is  simply 
impossible,  except  they  neglect  duties  no  less  imperative,  to  devote  to  the 
work  the  time  necessary  to  accomplish  it.  In  all  probability  the  Com- 
mittee will  report  this  bill  favorably. 

The  Alaska  Coal  Land  Bill. — Some  of  the  questions  with  which  the 
Commission  will  be  called  upon  to  deal,  should  one  be  appointed,  brook 
no  delay.  They  must  be  met  at  once  and  solved  in  some  way  looking 
to  revision  later  in  the  light  of  facts  brought  out  or  views  advanced  by 
.  those  deputed  to  study  the  subjects  as  a  whole.  Of  this  character  is  the 
question  of  how  to  open  the  Alaska  coal  deposits.  The  bill  providing 
for  the  construction  by  the  government  of  railroads  in  that  Territory 
from  the  seaboard  to  the  inland  waterways  has  passed  the  Senate  and  will 
speedily,  it  is  believed,  be  approved  by  the  House.    President  Wilson's 
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sanction  of  the  general  purpose  of  the  Act  has  been  given  in  advance  in 
his  message  to  Congress.  It  must  be  accompanied  by  an  Act  which  will 
permit  and  invite  the  working  of  the  coal  fields.  It  is  idle  to  imagine 
that  the  Executive  Department  will  advance  one.  step  toward  the  con- 
struction of  railroads  in  Alaska  unless  assured  in  advance  that  the  coal 
mines  will  be  producing  to  afford  fuel  for  construction  purposes  and  ton- 
nage when  the  road  is  built.  The  Senate  Committee  has  under  considera- 
tion a  bill  which  is  the  result  of  repeated  conferences  participated  in  by 
the  Secretary  of  the  Interior  and  his  staff  and  the  Chairmen  of  the  House 
and  the  Senate  Committees  respectively  on  Public  Lands,  Territories, 
and  Mines.  It  is  a  frank  adoption  of  the  leasing  system,  to  which  none 
of  those  having  any  conspicuous  part  in  the  preparation  of  the  bill  confess 
any  attachment.  The  Congressional  members  are  all  convinced,  how- 
ever, that  the  concession  is  essential  to  the  necessities  of  the  case. 
They  entertain  the  view  that  to  enact  a  law  providing  in  any  terms  for 
the  disposition  in  fee  of  coal  lands  in  Alaska  would  be  in  effect  to  doom 
the  country  to  another  decade  of  inaction.  I  am  myself  of  the  opinion 
that  any  Secretary  of  the  Interior  who  should  permit  Alaska  coal  lands 
to  be  patented  under  any  kind  of  a  law  passing  the  fee  would  be  driven 
from  public  life,  and  it  would  be  good  fortune  if  he  did  not  pull  down  the 
temple  of  the  administration  of  which  he  formed  a  part  as  he  passed  out 
of  it.  It  is  to  be  regretted  that  a  great  public  question  such  as  this  is  can- 
not be  debated  dispassionately  and  without  impugning  the  motives  of  those 
who  adhere  to  what  may  be  said  to  be  the  Western  view,  except  when  and 
in  so  far  as  the  conditions  point  to  selfishness  in  those  upholding  it.  The 
promoters  of  the  leasing  plan  never  admit  the  possibility  of  an  honest 
difference  of  opinion  concerning  the  wisdom  of  the  departure  they  pro- 
pose. All  who  oppose  them  are  involved  invariably  in  the  common 
denunciation  which  is  leveled  at  the  plunderers  of  the  public  domain  and 
the  defenders  and  apologists  for  such.  There  has  been  no  deliberate 
judgment  by  the  American  people  on  this  supremely  important  question. 
They  have  been  turned  by  invective  from  the  consideration  of  it.  The 
leasing  system  was  tried  in  connection  with  the  lead  lands  of  the  Missis- 
sippi valley,  and  abandoned  after  proving  a  dismal  failure.  Probably 
the  essential  differences  in  the  conditions  under  which  it  was  tried  and 
those  now  prevailing  deprive  the  experience  we  had  under  it  of  anything 
like  controlling  force,  but  if  so  the  public  has  not  been  advised  as  to  why 
the  same  troubles  are  not  in  store  for  us.  Calumniation  has  been  so  long 
the  portion  of  those  who  have  sought  to  gain  a  fair,  hearing  for  the  system 
of  alienation  in  fee  that  few  remain  who  have  not  despaired  of  securing, 
considerate  attention  to  the  merits  of  that  plan.  Anyway,  the  friends  of 
Alaska  are  without  hope  of  convincing  the  public  mind,  at  least  not 
speedily,  that  as  to  coal  deposits,  popularly  believed,  and  doubtless  with 
justice,  to  be  exceptionally  rich,  the  leasing  system  is  not  a  most  doubtful 
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experiment.  The  people  of  Alaska  pray  for  any  kind  of  a  law  which  will 
permit  them  to  mine  coal.  They  have  ceased  to  debate  the  merits  of 
rival  systems.  It  must  be  confessed  that  the  plan  of  reserving  title  in  the 
government  is  growing  in  favor.  The  Western  Representatives  are  much 
more  tolerant  of  this  idea  than  they  once  were.  The  legislation  of  such 
States  as  Colorado  and  Montana  concerning  their  own  coal  lands,  for- 
bidding their  sale  but  authorizing  the  operation  of  them  under  leases, 
is  appealed  to  with  embarrassing  effect.  It  is  true  that  the  policy  of  the 
State  is  primarily  to  make  as  much  money  as  it  can  out  of  its  school  lands, 
while  the  policy  of  the  Federal  government  is,  or  ought  to  be,  to  make  its 
lands  serviceable  in  the  development  of  the  sections  in  which  they  are 
situated.  But  the  State  is  not  altogether  unmindful  of  its  larger  interests 
in  the  sale  of  its  granted  lands,  and  the  policy  of  local  development  is  as 
well  subserved  under  a  leasing  system,  if  all  the  avails  are  devoted  to 
improvements  within  the  State,  instead  of  going  to  meet  the  general 
demands  upon  the  Federal  treasury.  The  Northern  Pacific  Railway  Co. 
^  has  the  most  vital  concern  in  the  rapid  development  of  the  territory  ad- 
jacent and  tributary  to  its  lines.  But  it  has  also  adopted  the  leasing 
system  as  to  its  coal  lands  and  declines  to  sell  such  at  any  price. 

Those  responsible  for  the  Alaska  coal-land  bill  referred  to  find  sufficient 
justification  in  the  foregoing  to  tender  a  measure  recognizing  the  leasing 
system.  Under  it  the  Secretary  of  the  Interior  is  authorized  to  withdraw 
eight  sections  in  the  Bering  River  coal  field  and  twelve  sections  in  the 
Matanuska  field  for  the  use  of  the  navy,  or  to  be  used  in  connection  with 
government  construction  work,  or  for  disposition  by  Congress  in  case  of 
oppressive  conditions  arising  from  monopoly,  it  being  contemplated  that 
the  government  might  in  the  future  deem  it  the  best  solution  of  difficulties 
which  might  arise  similar  to  those  encountered  in  connection  with  the 
anthracite  coal  situation  in  the  East,  itself  to  supply  the  market  from  its 
own  fields.  Leases  are  authorized  for  indeterminate  periods,  with  pro- 
visions for  readjustment  of  prices  every  20  years,  no  lease  to  be  for  more 
than  2,560  acres  to  any  person  or  corporation.  Drastic  provisions  are 
inserted  in  the  law  to  prevent  evasion  of  the  provision  limiting  the  area 
in  which  any  individual  may  be  interested.  Forfeiture  and  imprison- 
ment are  the  result  of  conviction.  It  is  believed  the  risks  are  so  great 
that  few  will  care  to  take  the  chances  involved  in  an  effort  at  monopoly. 
The  royalty  is  fixed  by  the  lease,  but  cannot  be  less  than  2c.  per  ton, 
and  it  all  goes  toward  the  redemption  of  the  bonds  issued  for  the  con- 
struction of  railroads  in  the  territory  and  for  purposes  of  a  similar 
character  when  the  obligation  created  by  them  is  discharged.  The 
lessee  is  entitled  to  sue  the  government  on  any  cause  of  action  arising  out 
of  his  lease  in  the  courts  of  Alaska — so  that  any  arbitrary  or  destructive 
policy  on  the  part  of  the  Department  may  be  restrained,  and  questions 
arising  upon  the  construction  of  the  lease  may  be  determined  as  they  would 
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be  between  private  parties  under  like  circumstances.  To  compel  the 
operation  of  any  ground  leased,  a  rental  in  addition  to  the  royalty  is 
exacted  at  the  rate  of  25c.  per  acre  the  first  year,  50c.  an  acre  annually 
for  the  next  four  years,  and  $1  an  acre  for  each  year  thereafter.  For 
local  use  the  Secretary  is  authorized  to  issue  permits  without  any  charge 
for  the  working  of  tracts  not  to  exceed  10  acres,  the  purpose  being  to 
permit  the  homesteader  and  miner  to  secure  coal  for  his  own  use  at  an 
adjacent  bed. 

The  Radium  Bill. — A  third  bill  before  the  Committee  which  has  given 
rise  to  much  discussion  appertains  to  lands  containing  radium-bearing 
ores.     These  are  mainly  pitchblende  and  carnotite.    The  former  is  often, 
perhaps  usually,  found  in  metal-bearing  veins  and  in  association  with  the 
precious  metals  as  well  as  with  zinc  and  lead;  the  latter,  so  far  as  known, 
appears  only  in  veins  or  pockets  in  sedimenatry  rocks.     The  carnotite 
ores  are  the  chief  source  of  supply.    They  abound  in  an  area  reaching 
from  Colorado  into  Utah,  150  miles  long  and  varying  in  width  from  5  to 
26  miles.      Discoveries  have  been  reported  in  Arizona,  Montana,  Idaho, 
and  South  Dakota,  but  no  authentic  information  is  available  of  any 
workable  fields  save  those  of  Utah  and  Colorado.     The  wonderful  advance 
made  in  the  use  of  this  remarkable  agency  in  the  eradication  and  cure  of 
cancer  and  other  malignant  growths  has  directed  the  attention  of  the 
world  to  the  sources  of  its  supply.     The  exceptional  riches  of  our  Western 
fields  have  made  the  output  of  them  eagerly  sought  after  by  the  labora- 
tories and  reduction  works  of  Europe.     Two  great  plants  located  in  the 
State  of  Pennsylvania  are  now  treating  the  ores  and  claim  to  be  supplying 
the  trade  each  with  a  gram  a  month,  salable  at  about  $120,000.     Thus 
far  their  production  has  gone  very  largely  to  foreign  markets,  as  has 
practically  all  the  ore  not  treated  by  them.    They  own  the  claims  from 
which  their  supply  is  drawn — one  of  the  companies  having  acquired 
about  140  claims.     Another  association  has  80  odd;  a  third,  40  or  more. 
Though  the  crude  ore  which  is  the  source  of  by  far  the  greater  part  of  the 
products  of  the  works  in  Europe  comes  from  this  country,  our  surgeons 
are  forced  to  go  there  to  procure  their  supply.     Unmistakable  evidence 
is  at  hand  of  something  like  a  race  to  purchase  or  locate  every  deposit  of 
any  prominence — and  surgeons  of  eminence  who  are  intensely  interested 
in  the  success  that  has  been  achieved  in  the  use  in  therapeutics  of  this 
singular  substance,  and  the  still  more  marvelous  possibilities  that  experi- 
mentations are  constantly  revealing,  became  genuinely  alarmed  on  visit- 
ing the  region  from  which  the  ore  comes  lest  the  whole  of  it  should  speedily 
fall  into  the  hands  of  a  monopoly  which  might  maintain  the  price  of  its 
product  so  high  as  to  make  it  available  for  the  treatment  of  those  only 
who  could  afford  to  pay  anything  that  might  be  demanded.     Before 
the  American  ores  entered  the  European  market  the  chief  source  of 
supply  for  the  Continent  was  the  pitchblende  ores  of  Joachimsthal, 
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but  the  Austrian  government  prohibited  the  exportation  of  any  ores  con- 
taining radium — preferring  to  preserve  the  supply  of  the  Empire  for  do- 
mestic use.  The  German  Emperor  is  making  extraordinary  exertion  to 
procure  an  adequate  supply  for  the  hospitals  in  his  country. 

These  conditions  prompted  the  introduction  of  a  bill  which  obligates 
the  locators  of  all  claims  containing  radium-bearing  ores  to  sell  their 
products  to  the  United  States  at  the  market  price  to  be  fixed  by  the  Secre- 
tary of  the  Interior.  Development  work  or  mining  during  a  period  or  for 
periods  aggregating  four  months  are  required,  and  even  after  patent,  if 
the  property  is  not  worked  with  diligence,  the  Secretary  is  authorized  to 
enter  upon  the  property  and  mine  it,  paying  to  the  owner  market 
value  of  the  ore  less  the  cost  of  extraction.  Rights  to  claims  located  prior 
to  the  passage  of  the  Act  are,  of  course,  not  affected,  but  the  government 
is  given  the  preference  right  to  buy  the  output  of  all  claims  hereafter 
located.  The  Bureau  of  Mines  is  perfecting  a  process  which  it  is  claimed 
will  enable  it  to  reduce  the  ores  at  a  cost  not  to  exceed  that  now  attending 
similar  work  by  private  companies. 

Two  questions  are  of  first  importance  in  the  consideration  of  this 
measiu-e — first,  whether  it  is  justifiable  to  impound  all  ores  produced  in 
our  territory  to  supply  the  needs  of  our  people;  and,  second,  whether  the 
peril  of  monopoly  is  suflSciently  imminent  to  justify  the  government  in 
itself  undertaking  the  work  of  extraction. 

Oil  and  Gas  Bill. — Various  other  bills  related  in  character  to  those 
referred  to  will  be  considered  in  conference,  such  as  has  been  mentioned, 
and  then  introduced.  First  in  importance  is  an  oil  and  gas  bill.  The 
basic  feature  in  this  bill  is  one  which  permits  the  discoverer  to  purchase  a 
limited  portion  of  a  tract  for  the  exploration  of  which  an  exclusive  license 
is  issued  to  him,  the  remainder  then  being  leased.  It  is  proposed  to  give 
the  adventurer  the  exclusive  right  for  two  years  to  prospect  over  four 
sections,  if  they  are  distant  100  miles  from  a  producing  well,  and  over  one 
section  if  it  is  less.  Should  he  discover  oil  or  gas,  he  is  entitled  to  locate, 
in  the  one  case  640  acres,  in  the  other  160  acres,  of  the  land  included  in 
his  permit,  acquiring  title  under  the  procedure  prescribed  in  the  case  of 
placer  mines. 

Potassium  and  Sodium  Compounds. — The  same  principle  is  to  be  made 
applicable  to  the  disposition  of  valuable  deposits  of  chlorides,  sulphates, 
borates,  or  nitrates  of  potassium  or  sodium. 

Phosphates. — Phosphate  deposits  it  is  proposed  shall  be  leased  by 
competitive  bidding  in  tracts  not  to  exceed  320  acres.  The  royalties 
from  all  leases  of  lands  outside  of  Alaska,  except  so  much  as  is  deemed 
necessary  to  defray  the  cost  of  administering  the  laws  (for  this  principle 
applies  to  all  leasing  measures),  go  into  the  reclamation  fund. 

Coal. — A  general  coal-land  bill  has  been  prepared  by  the  Department 
on  the  same  lines. 
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The  Committees  of  both  Houses,  the  Department,  and  the  Congress 
will  be  thankful  for  any  consideration  you  may  give  these  various  meas- 
ures and  for  any  helpful  suggestions  you  may  be  moved  to  make  concern- 
ing any  of  them. 

Horace  V.  Winchell. — Now,  gentlemen,  you  will  see  something 
is  doing  over  in  Washington — many  things  we  do  not  know  anything 
about,  and  which  we  should  know  about.  If  we  are  in  the  mining  busi- 
ness, as  some  of  us  suppose  we  are,  these  laws  are  of  vital  import  to  our 
business,  as  well  as  to  the  welfare  of  the  country.  The  first  thing  of 
interest,  it  seems  to  me,  is  in  connection  with  this  Commission,  under 
the  resolution  introduced,  and  I  would  like  to  know  if  there  are  any 
resolutions  to  be  introduced  here  for  our  consideration  at  this  time. 

E.  B.  KiRBY. — The  number  of  members  suggested  for  this  Commission 
by  the  American  Mining  Congress  was  five.  It  was  not  attempted  to 
specify  as  to  their  character,  except  in  private  character  the  people  who  . 
were  considered  the  best;  the  idea  was  to  have  the  President  appoint  a 
Commission  of  five,  and  then  it  was  expected  when  it  reached  the  Presi- 
dent there  would  be  an  opportunity  for  mining  men  and  members  of  our 
Institute,  and  the  Congress,  to  present  their  own  recommendations  as  to 
the  character  of  members  suitable  for  the  Commission.  There  was  a 
general  fear  that  any  attempt  to  dictate  to  the  Congress  or  to  the  Senate 
would  arouse  opposition.    The  original  idea  was  for  a  Commission  of  five. 

George  A.  Packard,  Boston,  Mass. — It  seems  to  me  it  would  be 
a  mistake  to  allow  this  bill  or  the  suggestion  as  to  this  Commission  to  be 
read  before  this  meeting,  and  have  nothing  said  in  regard  to  the  sugges- 
tion that  the  bill  be  amended,  and  that  the  Commission  should  consist 
of  three  lawyers. 

I  think  there  should  be  some  expression  at  least  to  the  effect  that  the 
mining  communities  should  be  recognized.  It  seems  to  me  the  Canadian 
scheme  was  a  most  delightful  one.  I  do  not  know  how  they  managed 
to  have  four  mining  men  and  two  lawyers,  when  the  two  lawyers  were 
only  expected  to  advise  as  to  the  legal  method  of  preparing  things.  We 
have  lawyers  in  this  country  who  would  be  glad  to  go  as  members  of  this 
Commission,  but  I  do  not  think  we  want  it  to  be  considered  that  it  is  the 
sense  of  this  meeting  that  we  would  like  to  be  represented  entirely  by 
lawyers.  I. think  the  majority  should  be  mining  operators,  mining  engi- 
neers or  mining  men. 

Denis  M.  Riordan,  New  York,  N.  Y. — My  predilections  would  be 
in  favor  of  a  Commission  of  five,  and  I  would  be  in  favor  of  one-fifth  of 
the  Commission  to  be  a  lawyer.  I  think  the  three  mining  societies  and  a 
representative  of  the  government  representing  the  Bureau  of  Mines,  and 
the  Geological  Survey,  would  make  a  well-balanced  and  well-composed 
Commission.    But  I  think  the  time  has  come  when  such  a  Commission 
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is  indicated,  and  I  am  in  full  accord  with  atiything  that  will  restore  the 
ambition  of  the  man  who  has  done  so  much  to  make  the  country  west  of 
the  Missouri  what  it  is  to-day,  namely,  the  prospector. 

Hennen  Jennings,  Washington,  D.  C. — I  think  the  mining  man  will 
immediately  admit  that  the  lawyer  is  more  competent  to  draft  a  bill  than 
himself.  But  as  to  the  substance  of  Ihe  bill,  it  seems  to  me  that  the 
locators,  owners,  engineers,  the  operators,  should  know  better  what  is 
wanted  than  the  lawyer.  Therefore  in  a  Commission  of  that  kind,  I 
should  say  that  a  larger  committee  would  be  better  than  a  small  one,  it 
being  of  course  understood  that  the  legal  representative  should  draft  the 
bill  after  the  substance  had  been  arrived  at  by  questioning  of  witnesses 
by  those  who  best  should  know  the  work,  and  after  a  conference  and  full 
discussion  of  capable  and  honest  representatives  of  various  sides  of  the 
question.  I  think  this  would  meet  with  more  general  satisfaction  and 
stand  better  the  future  test  of  time. 

It  is  a  vast  subject  for  three  men  with  no  practical  experience,  no 
matter  how  able  they  may  be,  to  grasp  everything  connected  with  the 
subject  and  law. 

Senator  Walsh. — ^I  feel  it  to  be  my  duty  to  advise  this  gathering 
that  I  am  not  at  all  responsible  for  the  suggestion  of  the  amendment  in 
regard  to  the  character  of  the  membership  of  the  Commission,  although 
I  am  free  to  admit  that  the  merit  of  the  proposition  appealed  to  me  very 
strongly.  It  was  suggested  to  me  by  a  member  of  the  Committee,  of 
well-known  ability  and  wide  experience,  and  he  told  us  why  he  suggested 
it.  He  said  he  was  appointed  a  member  of  a  Commission  in  his  State 
for  the  purpose  of  revising  their  laws  with  reference  to  mining.  He  was 
made  a  member  of  the  Commission  with  two  other  gentlemea,  who  were 
not  lawyers.  He  saw  or  thought  he  saw,  from  a  lawyer's  standpoint, 
some  very  serious  obstacles  to  the  working  of  the  plan  they  proposed. 
He  said  in  fact  that  he  was  confident — and  the  result  showed  the  sound- 
ness of  his  judgment — confident  of  his  position,  but  his  views  were  over- 
ruled by  the  other  two  members  of  the  body.  The  reason  for  that  is 
that  men  not  engaged  in  the  profession  of  the  law  could  readily  suggest  a 
line  of  action  which  it  would  be  impossible  to  put  into  force,  because, 
possibly,  of  constitutional  objections.  And  the  lay' member  would  not 
always  appreciate  the  force  and  applicability  of  decisions  which  had  been 
rendered  by  the  courts,  and  which  would  be  controlling  on  the  interpre- 
tation of  the  proposed  statute's  provisions.  And  it  was  suggested  that 
it  would  be  construed  in  a  way  to  defeat  the  very  purpose  for  which  it 
was  drafted. 

Now,  it  is  really  a  work  of  drafting,  and  inasmuch  as  the  Commission 
will  have  available  for  its  services  the  views  and  opinions  of  all  those  who 
are  interested,  it  would  seem  not  to  be  necessary  at  all  that  any  of  us 
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should  be  represented  on  the  Commission.  But  you  will  bear  in  mind 
about  that,  with  respect  to  that  matter,  you  gentlemen  represent  only  one 
particular  branch  of  the  mining  business.  The  prospector,  who  is  per- 
haps greatest  in  number,  in  the  revision  work  would  have  no  representa* 
tion  upon  the  Commission  at  all,  in  all  probability.  And  you  are  like- 
v^ise  to  bear  in  mind  that  he  does  not  always  look  on  you  gentlemen  as 
having  interests  absolutely  identical  with  his  own.  And  so  there  is  a 
political  aspect  to  this  thing  which  must  be  borne  in  mind.  I  must  say 
I  haven't  any  very  fixed  conviction  at  this  time  with  respect  to  the  wisdom 
of  the  change  proposed,  but  I  rather  feel  that  perhaps  some  gentlemen  feel 
it  was  a  rather  invidious  amendment  directed  at  them.  I  do  not  think 
that  is  the  case  at  all. 

Hennen  Jennings. — In  case  the  Commission  had  conflicting  views, 
who  would  decide?  You  have  to  take  testimony,  and  you  must  adjudi- 
cate as  to  its  worth.  Now,  if  you  do  not  have  interested  people  on  the 
Commission,  how  are  you  going  to  arrive  at  a  judgment  that  will  be 
universally  satisfactory? 

Senator  Walsh. — The  decision  would  be  arrived  at  in  the  same  way, 
whatever  the  composition  of  the  Commission,  as  the  report,  if  it  is  re- 
ported, will  be  a  majority  report;  the  only  trouble  is  that  with  three 
lawyers,  there  would  be  three  separate  reports. 
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Uniform  Mining  Legislation  in  All  the  States  Based  on 

Federal  Act 

BT  C.   L.  C0LBX7RN,  DINVBR,  COLO. 
(New  Yozk  Meetins.  February,  1914) 

The  statutory  requirements  of  the  States  and  the  district  rules  are, 
broadly  speaking,  similar.  There  is  just  enough  difference  to  make  it 
taatalizing. 

Differences  in  State  Legislation  Governing  the  Location  of 

Mining  Claims 

Diacovery 

Discovery  is  the  first  step  in  the  location  of  the  claim.  The  provision 
of  the  Revised  Statutes  (2320)  is,  ''No  location  of  a  mining  claim  shall  be 
made  until  the  discovery  of  the  vein  or  lode  within  the  limits  of  the  claim 
located."  Strictly  speaking,  discovery  may  be  defined  as  the  finding  of 
ore  or  metalliferous  rock  in  place  in  a  well-defined  vein.  This  definition 
was  too  strict,  so  discovery  extended  later  to  cover  such  indications  of  the 
presence  of  ore,  within  rock  in  place,  as  would  justify  an  experienced  miner 
in  spending  his  time  and  money  with  a  reasonable  expectation  of  finding 
ore  in  paying  quantities.  According  to  Colorado  statutes  a  discovery 
must  show  a  well-defined  crevice;  in  Arizona,  a  lode,  deposit,  or  mineral 
in  place;  in  Montana,  a  well-defined  crevice  or  valuable  deposit;  in 
Nevada,  a  lode  or  deposit  of  mineral  in  place. 

It  is  wrong  to  require  a  discovery.  An  honest  prospector,  wishing  to 
obey  the  law,  finds  himself  compelled,  in  most  cases,  to  evade  this  point. 
In  Clear  Creek  district,  Colorado,  a  quartz  seam  will  constitute  a  dis- 
covery; in  Butte,  a  red  capping;  in  Leadville  or  Ely,  it  is  any  place  where 
a  man  can  find  a  piece  of  vacant  ground  big  enough  upon  which  to  sink  a 
10-ft.  hole.  If  the  vein  or  deposit  outcrops  a  man  can  show  a  discovery, 
but  if  it  does  not  outcrop  it  is  foolish  to  compel  him  to  show  one;  and  this 
point  has  been  gently  side-stepped.  Any  hole  10  ft.  deep  now  constitutes 
a  discovery.  It  is  no  use  having  laws  that  the  people  cannot  consistently 
obey.  No  sane  man  will  dig  unless  he  expects  to  find  mineral,  and  he 
should  be  protected  while  digging.  He  should  be  required  to  show  that  he 
has  mineral  ground  only  when  he  comes  to  patent. 
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Time  to  Sink  Discovery  Shaft  and  Complete  Location 

When  a  discovery  has  been  made,  the  discoverer  is  entitled  to  retain 
undisputed  possession  of  his  claim  for  a  reasonable  time  in  order  to  com- 
plete the  acts  of  location  required  by  law.  The  length  of  time  for  this 
purpose  is  not  fixed  by  the  law  of  the  United  States,  but  is  left  to  the  law  of 
the  State  or  the  regulations  of  the  district.  In  Colorado,  Idaho,  Montana, 
North  Dakota,  South  Dakota,  Oregon,  and  Wyoming,  he  has  60  days  to 
sink  a  10-ft.  discovery  shaft  and  to  complete  his  location.  In  Arizona, 
Nevada,  New  Mexico,  and  Washington,  the  time  is  90  days.  In  Alaska, 
a  discovery  shaft  is  not  required;  in  Calif omia  and  Utah,  the  matter  is 
left  to  district  rule.  Most  of  the  States  allow  the  lode  to  be  exposed  in  an 
open  cut,  cross-cut,  or  tunnel  instead  of  the  10-ft.  hole.  Some  States 
specify  the  amount  of  excavation  work  necessary  to  show  the  discovery. 

Marking  the  Location  of  the  Ground 

The  provision  of  the  Revised  Statutes  (2324)  is  as  follows:  "The 
location  must  be  distinctly  marked  on  the  groimd,  so  that  its  boundaries 
can  be  readily  traced."  The  law  of  the  United  States  does  not  define 
what  kind  of  marks  shall  be  made,  or  where  they  shall  be  placed.  In 
Colorado,  the  surface  boundaries  must  be  marked  by  six  posts,  one  at 
each  comer  and  one  at  the  center  of  each  side  line,  hewed  or  marked  on  the 
side  toward  the  claim.  In  New  Mexico,  four  substantial  posts  or  monu- 
ments, set  one  at  each  corner  of  the  claim,  are  all  that  is  necessary. 
North  Dakota  requires  two  posts,  one  at  the  center  of  each  end  line,  in 
addition  to  the  six  posts  required  in  Colorado.  Arizona  requires  six  posts 
set  4  ft.  above  ground  or  stone  monuments  3  ft.  high.  Montana  requires 
posts  4  in.  square  by  4  ft.  6  in.  long,  1  ft.  in  the  ground,  and  a  mound  of 
earth  or  stone,  4  ft.  in  diameter  and  2  ft.  high,  placed  around  each  post. 
If  a  stone,  not  a  rock  in  place,  is  used,  it  must  be  6  in.  square  by  18  in. 
long,  set  two-thirds  its  length  in  the  ground.  In  Oregon  the  posts  need 
only  stand  3  ft.  above  ground  or  there  may  be  mounds  of  stone  2  ft.  high. 
In  Utah  the  details  of  marking  are  left  to  district  rules. 

Posting  of  Notice  of  Location 

The  rules  and  regulations  of  the  several  mining  districts  or  States  gen- 
erally require  the  locator  to  post  upon  his  claim  a  notice  of  his  location. 
What  this  notice  must  contain  is  governed  by  the  particidar  statute  or 
regulation  applicable  in  the  district  where  it  is  made.  Generally  it  con- 
tains the  date,  extent  of  claim,  name  of  the  claim,  and  name  of  the 
locator. 
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Record  of  Location  Certificate 

The  final  step  in  the  location  of  a  claim  is  the  filing  of  the  location 
certificate.  This  is  not  required  by  the  U.  S.  law,  and  therefore  is  left  to 
the  States  and  districts.  In  Arizona,  Idaho,  Utah,  Oregon,  and  New 
Mexico  the  statutes  require  the  making  of  location  certificates  in  duplicate, 
one  to  be  placed  on  the  claim  and  one  filed  for  record.  In  the  other  States 
this  is  not  required.  In  Montana  and  Idaho  the  location  certificate  must 
be  sworn  to  before  it  will  be  admitted  to  record. 

In  the  majority  of  cases  the  location  certificate  must  be  filed  with  the 
County  Clerk  and  Recorder  of  the  county  in  which  the  claim  is  located. 
In  North  and  South  Dakota  the  certificate  is  filed  with  the  Register  of 
Deeds;  in  Washington  with  the  County  Auditor.  In  some  States  the 
certificate  may  be  filed  with  either  the  County  Clerk  and  Recorder  or  with 
the  Mining  District  Recorder;  in  other  States  the  claimant  must  file  with 
both  the  County  and  the  District  Recorder.  Alaska  is  divided  into  three 
Recording  Divisions  which  are  subdivided  into  Recording  Districts. 
Location  certificates  are  filed  with  the  Recorders  of  these  districts. 

Size  of  Claim 

The  maximum  length  of  a  lode  claim  is  fixed  by  Congress  at  1,500  ft. 
The  width  may  vary  from  50  to  600  ft.,  according  to  State  or  district 
regulation.  North  and  South  Dakota  fix  the  width  of  a  claim  at  300  ft., 
but  allow  the  counties  to  increase  or  decrease  it  within  the  Congressional 
limit.  The  width  of  claims  in  Colorado  was  formerly  300  ft.  and  in  some 
counties  150  ft.  Recently  the  legislature  amended  the  laws,  increasing 
the  width  to  600  and  300  ft.,  respectively,  thus  doubling  the  size  in  all 
sections  of  the  State.  In  all  the  other  States  the  width  is  600  ft.,  so  that 
a  claim  equals  a  little  more  than  20  acres.  The  tendency  seems  to  be  in 
favor  of  the  larger  claims. 

Suggestions  Leading  to  Unifobmitt 

Congress  can  make  uniform  laws  concerning  the  appropriation  of  min- 
ing claims.  This  can  be  done  by  leaving  nothing  whatever  for  the  States 
to  do.  A  man  wishes  to  take  up  a  homestead.  He  does  so  under  the 
Federal  law  and  Land  Office  regulations.  The  States  have  nothing  to  do 
with  the  matter  until  the  man  "proves  up"  and  receives  patent  to  his 
land.  It  would  be  a  bad  mix-up  if  the  States  could  regulate  the  size  and 
shape  of  these  homesteads,  the  amount  of  soil  that  the  homesteader 
should  till  each  year,  and  countless  minor  matters.  The  miner  should 
be  put  in  the  same  position  as  the  homesteader.  He  should  make  his 
application  directly  to  the  government  and  should  be  relieved  of  State 
interference. 
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The  Federal  law  of  1872  and  the  State  statutes  were  all  based  on  the 
theory  that  valuable  minerals  were  found  either  in  steeply  dipping  veins 
or  in  placers.  The  prospector  in  those  days  was  looking  for  j-ust  such 
deposits.  To-day  mining  conditions  have  changed.  The  old  prospector 
has  gone.  Modem  metallurgical  practice  has  made  it  possible  to  treat 
low-grade  ore  at  a  profit.  Mines  are  now  sought  and  found  not  only  in 
steeply  inclined  veins,  but  also  in  large  irregular  masses  and  in  flat-lying 
deposits.  This,  then,  is  surely  an  opportune  time  for  Congress  to  revise 
our  mining  laws. 

The  following  suggestions  will  show  how  the  mining  laws  can  not  only 
be  made  uniform,  but  simplified: 

1.  Mining  claims  should  be  taken  up  according  to  legal  subdivision. 
Forty  acres  should  constitute  a  claim. 

2.  Upon  proper  application  the  claim  should  be  withdrawn  from  the 
public  domain  and  held  for  the  use  of  the  claimant,  just  as  farming  land  is 
withdrawn  and  held  for  the  homesteader.  No  conflicting  claim  of  any 
kind  should  be  granted  as  long  as  the  claimant  obeys  the  law. 

3.  The  claimant  should  be  required  to  perform  1,000  cu.  ft.  of  develop- 
ment work  each  year.  Proof  of  this  work  must  be  filed  before  Feb.  1,  for 
the  previous  year. 

4.  The  claimant  should  be  allowed  to  apply  for  patent  after  excavating 
5,000  cu.  ft.  of  material.  He  should  at  that  time  show  that  he  has  mineral 
ground. 

5.  The  claimant  should  be  compelled  to  apply  for  patent  within  five 
years. 

6.  After  a  patent  is  issued  the  claimant  should  be  entitled  to  the  sur- 
face and  all  mineral  lying  under  it,  and  between  planes  passing  through  the 
center  of  the  earth  and  the  boundaries  of  the  surface. 

7.  Failure  to  comply  with  any  of  the  above  requirements  should  con- 
stitute a  forfeiture  of  the  claim,  and  the  land  should  be  thrown  open  for 
other  claimants. 

8.  One  claimant  should  not  have  more  than  eight  claims  under  applica- 
tion at  any  one  time. 

Laws  based  on  the  above  suggestions  would  serve  equally  well  for  all 
kinds  of  mineral  deposits  and  for  all  kinds  of  minerals. 

In  the  case  of  oil  and  natural  gas  a  claimant  should  be  required  to  sink 
400  ft.  of  well  each  year,  and  he  should  also  be  debarred  from  sinking  a  well 
within  a  fixed  minimum  distance  from  his  boundaries. 
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Character  of  Title  That  Should  be  Granted  by  Government 

BT  GEOROB  W,  RITBB,  BAI/T  LilKB  CITT,  UTAH 
(New  York  Meeting,  February,  1914) 

Our  mineral-land  laws  need  revising  so  as  to  provide  definite  title  at 
the  outset  to  the  mineral  deposits  within  any  definite  piece  of  land. 
The  laws  as  they  now  stand,  especially  those  applicable  to  lodes,  breed 
uncertainty  as  to  rights  of  possession  prior  to  patent;  and  to  my  mind 
this  is  the  worst  feature  of  all,  worse  even  than  the  apex  bugbear. 

It  is  now  almost  impossible  for  anybody  to  tell  with  certainty  what 
mineral  rights  exist  within  any  area  that  is  not  covered  by  patent,  or 
whether  any  valid  rights  exist  at  all.  Our  system  is  unique  in  per- 
mitting individuals  to  appropriate  and  exploit  mineral  lands  of  the  public 
domain  without  notice  of  any  kind  to  the  Federal  government,  and  to 
relinquish  them  without  any  ceremony  at  all.  The  result  is  a  clouded 
record  that  cannot  be  cleared  up  until  each  claimant  is  put  to  some  sort 
of  final  proof.  In  order  to  accomplish  this,  new  Federal  legislation  will 
be  required.  The  requirements  for  a  mineral  survey  and  the  proceedings 
for  patent  have  always  been  cumbersome  and  expensive;  and  perhaps  out 
of  r^ard  for  the  poor  claim  owner,  who  can  ill  afford  the  outlay  for  that 
sort  of  thing,  the  law  does  not  require  him  to  go  through  it  unless  he 
chooses  to  do  so.  Consequently,  every  active  mining  district  has  be- 
come encumbered  with  tangled  groups  of  doubtful  or  conflicting  locations, 
whose  rights  and  boundaries,  when  any  valuable  ore  is  found,  must 
usually  be  determined  by  lawsuits  that  are  as  expensive  and  as  dis- 
tressing as  the  stakes  are  high.  So  deeply  has  litigation  entered  into 
our  mining  system  that  a  claim  whose  rights  have  never  been  disputed 
would  probably  be  set  down  ofThand,  by  a  miner  of  the  old  school,  as  of 
no  value.  Think  of  the  litigation  over  rights  of  possession  on  the  Com- 
stock  lode — 12  leading  companies  involved  in  an  aggregate  of  245  suits 
within  a  period  of  less  than  eight  years! 

Ambiguous  local  records;  the  chance  of  erroneously  placed  or  obliter- 
ated monuments;  doubt  as  to  the  sufficient  performance  of  the  statutory 
annual  labor;  uncertainty  as  to  prior  conflicting  or  overlapping  locations; 
anxiety  as  to  the  changing  attitude  of  the  Department  of  the  Interior 
and  the  Forest  Service — ^such  considerations  as  these  make  an  unpatented 
mining  claim  an  unclean  thing  in  the  eyes  of  possible  investors.  Is  it 
any  wonder  that  they  keep  themselves  and  their  money  at  a  safe  distance. 
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and  that  prospecting  for  new  ore  deposits  has  become  decadent  for  want 
of  the  funds  necessary  to  carry  mining  ventures  through  the  period  of 
infwicy? 

The  uncertainty  as  to  rights  of  possession  is  not  restricted  to  lode 
claims,  but  extends  to  placers,  including  lands  appropriated  for  petroleum. 
The  Department  of  the  Interior  has  itself  been  guilty  of  much  flounder- 
ing in  efforts  to  apply  the  law  to  lands  of  this  latter  class.  The  specula- 
tive spirit  is  easily  aroused  by  signs  of  the  existence  of  oil  within  a  new 
district,  and,  since  there  is  no  such  thing  even  as  a  preferential  right  within 
a  legal  subdivision  of  land  until  oil  has  actually  been  developed,  rival 
speculators  may  often  be  found  drilling  wells  alongside  of  one  another 
in  headlong  haste  to  gain  the  first  right  to  make  a  legal  appropriation. 
This  practice  is  not  only  wasteful,  but  it  tends  toward  monopoly,  since  a 
race  of  this  kind  is  necessarily  to  the  swift  and  strong. 

There  seems  to  be  np  good  reason  why  the  present  requirement  as  to 
discovery  before  location  should  not  be  done  away  with  frankly,  or  why 
all  mineral  lands,  including  those  containing  lodes,  should  not  be  located 
and  entered  in  units  conforming  to  the  public-land  surveys,  without 
requiring  further  survey  or  plat.  The  law  already  provides  that  for 
purposes  of  a  placer  claim  a  legal  subdivision  may  be  further  subdivided 
into  10-acre  tracts,  so  that  a  claim  may  be  made  up  of  strings  or  groups 
of  10-acre  units,  no  further  survey  or  plat  being  necessary. 

There  seems  to  be  no  good  reason  why  the  lands  already  appropriated 
for  mining  purposes  should  not  be  officially  surveyed  without  delay,  and 
the  claimants  required  to  proceed  to  patent. 

There  seems  to  be  no  good  reason  why  the  public-land  surveys  should 
not  be  extended  at  once  over  all  mineral  lands  of  the  public  domain,  or 
why  the  respective  Federal  land  offices  should  not  be  made  the  places 
of  record  for  all  new  mineral  locations.  If  appropriators  were  given  the 
option  of  having  an  official  survey  made  at  the  outset  or  of  making  the 
boundaries  of  a  location  conform  to  the  public-land  surveys,  I  believe 
that  locations  by  legal  subdivisions  would  soon  become  popular.  There 
seems  to  be  no  good  reason  why  such  record  in  the  Federal  land  office 
should  not  take  the  form  of  a  mineral  entry,  so  that  the  claimant  might 
always  know  that  he  had  at  least  preferential  rights  to  the  land,  and  so 
that  other  citizens  could  tell  from  consultation  of  the  records  exactly 
what  lands  were  unappropriated. 

Opinions  may  differ  as  to  whether  a  mineral  patent  ought  to  be  a  final 
relinquishment  of  government  ownership,  as  under  our  present  system; 
or  whether  the  title  ought  to  revert  to  the  government  upon  failure  of  the 
grantee  to  pay  an  area  tax  at  stated  intervals,  as  in  Mexico;  or  whether 
some  new  system,  such  as  leasing  under  government  ownership  and 
control,  ought  to  prevail. 

The  Mexican  system  has  several  features  to  commend  it.     The  filing 
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tax  and  the  annual  area  tax  are  checks  against  the  appropriation  of 
mineral  land  by  triflers.  And  while  to  the  bona  fide  miner  these  taxes  are 
more  expensive  than  are  the  burdens  imposed  by  our  own  laws,  he 
generally  prefers  the  Mexican  system  because  his  grant  is  practically 
incontestable  except  for  non-payment  of  taxes,  and  is  so  definite  from  the 
very  outset  that  he  and  his  grantees  always  know  and  his  neighbors  can 
know  exactly  what  the  grant  covers  and  what  it  does  not. 

I  hardly  think  many  of  us  ever  expect  to  see  our  Federal  government 
participating  permanently  in  the  development  and  operation  of  mines. 
Such  a  system  would  not  only  be  contrary  to  our  national  traditions,  but 
commercial  success  could  hardly  be  expected  in  competition  with  pri- 
vate enterprise.  No  matter  how  conscientious  and  efficient  the  several 
department  chiefs  and  their  subordinates  may  be,  their  activities  are 
limited  so  strictly  by  the  terms  of  each  appropriation  bill  that  they  are 
handicapped  in  comparison  with  private  concerns.  A  simple  instance  may« 
illustrate  this  point.  The  surveys  of  the  public  lands  call  for  the  prepa- 
ration of  several  copies  of  each  plat,  and  until  recently  these  copies 
were  all  made  by  the  laborious  long-hand  process.  After  it  had  been 
demonstrated  to  the  Commissioner  of  the  General  Land  Office  that  the 
duplication  of  these  plats  by  some  mechanical  or  photographic  process 
would  tend  toward  both  economy  and  accuracy,  he  was  unable  to  change 
the  method  at  once  because  the  appropriation  bill  permitted  the  em- 
ployment of  draftsmen  but  did  not  provide  for  the  purchase  of  mechanical 
apparatus. 

Our  form  of  congressional  government  is  also  a  valid  argument 
against  the  leasing  of  mineral  lands.  What  is  there  in  the  government's 
past  treatment  of  the  mineral-land  question  to  inspire  enthusiasm 
over  a  system  of  direct  Federal  control?  The  dilly-dallying  over  the 
surveying  of  the  public  domain;  the  willingness  for  more  than  40  years  to . 
continue  disposing  of  the  mineral  lands  under  makeshift  laws;  the 
floundering  on  the  question  of  lands  containing  petroleum;  the  hit-and- 
miss  classification  of  the  lands  given  away  as  subsidies  to  new  railroads, 
the  vacillation  and  recrimination  over  the  coal  lands  of  Alaska — with 
these  bits  of  history  fresh  in  our  minds,  how  many  of  us  would  care  to 
gamble  our  possessions  against  the  whims  of  ephemeral  law  makers  and 
transitoiy  office  holders?  Is  it  not  enough  to  be  obliged  to  gamble 
against  the  whims  of  nature? 

Congress  acts  only  slowly,  and  then  only  in  matters  upon  which  the 
people  have  shown  deep  feeling.  I  think  myself  that  the  reason  why  we 
have  made  so  little  headway  in  obtaining  rational  legislation  on  the 
details  of  our  mineral-land  law,  is  that  the  people  have  been  satisfied 
with  the  basic  principle  of  the  existing  law,  which  declares  that  the 
mineral  lands  of  the  public  domain  shall  be  free  and  open  to  occupancy 
and  exploration  by  citizens  or  intended  citizens,  and  that  the  mineral 
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deposits  or  the  lands  containing  them  will  be  sold  by  the  government  to 
all  that  have  shown  good  faith  in  developing  them.  Real  property  with 
strings  to  the  title  has  never  been  popular  in  this  country.  Our  fore- 
fathers had  seen  enough  of  leaseholds,  restricted  estates,  entails,  and 
that  sort  of  thing  in  the  old  world;  and  when  the  opportunity  came  to 
them  to  start  a  new  order  of  things,  they  were  quick  to  cut  away  from 
forms  of  title  other  than  in  fee  simple.  Perhaps  it  is  the  dread  of  chance 
return  to  an  old-world  system  that  ''puzzles  j^he  will,  and  makes  us 
rather  bear  those  ills  we  have  than  fly  to  others  that  we  know  not  of." 
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The  Classification  of  Public  Lands 

BT  GEORGE  OTIS  SMITH,  WASHINGTON,  D.  C. 
(New  York  Meeting.  February,  1914) 

The  Secretary  of  the  Interior  in  his  recent  report  to  the  President  has 
defined  the  new  public-land  policy,  which  is  in  fact  *'but  a  new  applica- 
tion of  an  old  policy."  His  words  may  be  more  acceptable  on  this  sub- 
ject of  land  classification  than  the  repetition  of  phrases  which  have  served 
some  of  lis  for  several  years.    Secretary  Lane  says  of  the  past: 

"  Congress  has  always  been  most  generous  as  to  the  disposition  of  the 
national  lands.  .  .  .  There  was  land  for  all,  and  it  was  the  govern- 
ment's glad  function  to  distribute  it  and  let  those  profit  who  could.  .  .  . 
And  this  generous  donor  was  not  so  petty  as  to  discriminate  between  kinds 
of  lands,  the  uses  to  which  they  could  be  put,  or  the  purposes  which  those 
might  have  who  got  them.  Land  is  land,  save  when  it  contains  minerals; 
this  was  roughly  the  broad  principle  adopted.  To  classify  was  a  task  too 
difficult  or  not  worth  while.  The  lands  would  classify  themselves  when 
they  arrived  in  individual  ownership.  And  so  the  door  was  opened  for 
monopoly  and  for  fraud." 

Of  the  reaction  and  the  evolution  of  a  new  policy,  the  Secretary  con- 
tinues: 

"A  reaction  was  inevitable.  If  lands  were  to  be  withdrawn  from  pub- 
lic service,  why  might  not  the  government  do  the  withdrawing  itself? 
The  old  philosophy  that  'land  is  land'  was  evidently  unfitted  to  a  country 
where  land  is  sometimes  timber  and  sometimes  coal;  indeed,  where  land 
may  mean  water — water  for  tens  of  thousands  of  needy  neighboring 
acres.  For  the  lands  of  the  West  differ  as  men  do,  in  character  and  condi- 
tion and  degree  of  usefulness.  We  had  not  recognized  this  fact  when  we 
said  'land  is  land.'  Lands  fitted  for  dry  farming  and  lands  that  must 
forever  lie  unused  without  irrigation;  lands  that  are  worthless  save  for 
their  timber;  lands  that  are  rich  in  grasses  and  lands  that  are  poor  in 
grasses;  lands  underlain  with  the  non-precious  minerals  essential  to  indus- 
try or  agriculture;  lands  that  are  invaluable  for  reservoir  or  dam  sites — 
these  varieties  may  be  multiplied,  and  each  new  variety  emphasizes  the 
fact  that  each  kind  of  land  has  its  own  future  and  affords  its  own  op- 
portunity for  contributing  to  the  nation's  wealth. 
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''So  there  has  slowly  evolved  in  the  public  mind  the  conception  of  a 
new  policy — ^that  land  should  be  used  for  that  purpose  to  which  it  is  best 
fitted,  and  it  should  be  disposed  of  by  the  government  with  respect  to  that 
use.  To  this  policy  I  believe  the  West  is  now  reconciled.  The  West  no 
longer  urges  a  return  to  the  hazards  of  the  'land  is  land'  policy.  But  it 
does  ask  action.  ...  It  asks  that  the  machinery  be  promptly  estab- 
lished in  the  law  by  which  the  lands  may  be  used." 

Following  Secretary  Lane's  thought,  the  public  lands  need  to  be  used, 
but  it  is  equally  important  that  they  be  used  right.  The  day  of  accidental 
or  incidental  classification  is  past.  Either  disposition  of  these  lands  with 
their  varied  values  should  not  precede  classification  or  the  terms  of  that 
disposition  must  be  such  as  to  neither  overlook  nor  disregard  the  possible 
results  of  future  classification. 

As  a  matter  of  fact,  two  methods  of  ¥rise  disposition  of  public  lands  are 
possible;  the  one  would  require  the  determination  of  the  land's  highest 
use  as  the  antecedent  and  prerequisite  of  any  transfer  of  title  from  the 
government;  the  other  method  would  limit  whatever  title  is  granted  so 
as  to  give  recognition  to  known  or  anticipated  land  characters.  Either 
system  would  in  theory  recognize  the  principle  of  land  classification  and 
express  its  purpose  of  ultimate  full  utilization,  but  in  practice  the  one 
system  necessitates  official  classification  before  use,  while  the  other 
permits  immediate  development  without  endangering  full  utilization. 
The  one  method  means  delay,  the  other  involves  limited  titles. 

Current  public-land  legislation,  whether  we  review  recent  enactments 
or  read  proposed  bills,  is  seen  to  express  this  idea  of  full  and  highest  use  of 
the  land  and  abandons  the  old  policy  of  'land  is  land."  The  various  sepa* 
ration  Acts  of  the  past  few  years  permit  the  agricultural  use  demanded  by 
present-day  needs,  without  sacrificing  the  future  utilization  of  the  mineral 
estate.  The  procedure  seems  both  safe  and  sane  for  the  government  to 
issue  the  limited  surface  title  both  where  classification  has  shown  the 
existence  of  two  or  more  estates  in  the  land  and  where  future  investigation 
not  now  practicable  may  be  expected  to  develop  mineral  possibilities. 

Classification  of  land  is  simply  the  determination  of  its  natural  values 
as  fixed  by  the  use  or  uses  to  which  the  land  can  be  put.  The  practicabil- 
ity of  land  classification  is  contingent  upon  the  quantity  of  facts  available 
to  the  classifier.  The  elimination  of  coal  land  from  non-coal  land,  or  of 
irrigable  from  non-irrigable  land,  or  of  mineral  land  from  non-minerai 
land,  may  possess  all  degrees  of  certainty  and  accuracy.  So  it  follows 
that  where  an  official  classification  is  possible  because  of  a  fortunately 
adequate  knowledge  of  its  character,  the  highest  utilization  both  present 
and  future  can  be  at  once  insured  by  the  separation  of  the  different  values 
and  by  their  appropriate  disposition.  If,  on  the  other  hand,  knowledge  of 
the  land's  resources  is  at  best  only  imperfect  or  can  be  expected  only  in  the 
course  of  future  settlement  and  development,  then  the  disposition  of 
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known  values  for  present  use  should  not  await  formal  classification,  but 
future  classification  should  be  provided  for  by  the  issue  of  limited  patents. 

Classification  of  public  lands  and  separation  of  estates  wherever  lands 
have  a  double  value  is  simply  the  common-sense  method  of  safeguarding 
public  interest  against  fraud  in  the  ease  of  known  or  determinable  resources 
and  against  speculation  in  unearned  increments  in  the  case  of  resources 
at  present  unknown  or  only  suspected. 

Land  classification  is  a  business  policy  that  we  should  adopt  as  indi- 
vidualSy  were  we  landed  proprietors;  as  citizens  having  special  technical 
acquaintance  with  the  public  lands  and  their  resources  can  we  advise  any 
course  of  action  less  favorable  to  the  interest  of  our  fellow  citizens? 
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The  Disposition  of  Natural  Resources 

BY  UEOBGE  OTIS  SMITH,*  WASHINGTON,   D.    C. 
(New  York  Meeting,  February,  1914.) 

In  the  utilization  of  natural  resources  owner,  operator ^  and  consumer 
should  share  the  attendant  benefits.  Development  needs  to  be  planned 
under  terms  recognizing  fully  the  interests  of  all  concerned,  for  any- 
undue  advantage  given  to  any  one  of  these  participants  is  apt  to  in- 
volve even  greater  and  disproportionate  injury  to  one  or  both  of  the 
others.  For  this  reason  it  is  well  to  preface  any  consideration  of 
needed  reforms  in  legislation  affecting  the  disposition  of  public  land 
with  a  survey  of  certain  fundamental  principles  that  determine  the 
general  conditions  of  all  land  transfers  preliminary  to  development, 
utilization,  and  production. 

The  disposition  of  any  undeveloped  natural  resource,  whether 
timber,  oil,  coal,  or  water  power,  as  a  transaction  to  which  land 
owner  and  prospective  developer  are  parties,  must  be  based  in  theory 
upon  a  division  of  expected  returns.  "Whatever  the  terms  of  such 
disposition,  neither  party  can  reasonably  ask  for  anything  other  than 
an  equitable  division  of  the  returns.  Under  this  analysis  three  and 
only  three  questions  need  to  be  discussed ;  namely,  what  are  those 
profits,  how  is  this  division  to  be  accomplished,  and  what  is  the  equi- 
table basis  of  division  ? 

The  answer  to  the  third  question  should  probably  be  found  by 
applying  to  the  problem  the  principles  of  theoretical  sociology,  and 
the  question  need  not  be  mentioned  further  at  this  time,  inasmuch  aa 
it  does  not  involve  the  practical  considerations  to  be  kept  in  mind  in 
connection  with  the  other  questions,  which  are  concerned  with  only 
the  measure  of  returns  and  their  division.  That  is  to  say,  whether 
the  land  owner's  equity  is  to  be  stated  as  95  per  cent,  or  as  5  per  cent. 
of  the  profits  attending  the  development  of  the  particular  resource,  no 
change  would  be  necessary  in  the  method  to  be  adopted  of  arriving  at 
the  closest  approximation  of  the  prospective  total  profit. 

If  on  this  basis  we  now  compare  the  two  methods  of  disposing  of 

*  Director,  U.  S.  Geological  Survey. 
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land  valuable  for  its  natural  resources,  sale  and  lea^te,  we  shall  dis- 
cover a  somewhat  regular  variation  in  the  degree  of  approach  to  the 
ideal  determination  of  actual  profits  and  accomplishment  of  their  defi- 
nite division.  The  sale  of  an  undeveloped  resource  is  predicated  upon 
an  advance  estimate  of  its  prospective  value  for  purposes  of  develop- 
ment, and  whatever  the  theory  of  division  of  its  appraised  value 
between  the  land  owner  and  the  operator,  there  will  exist  a  certain 
element  of  risk  which  necessarily  involves  the  possibility  of  dispro- 
portionate profit  or  loss  to  either  party  and  which  naturally  will  be 
discounted  by  both.  We  must  recognize  that  the  risk  thus  created 
becomes  a  legitimate  if  not  absolutely  necessary  basis  for  an  addi- 
tional item  of  cost  in  operation  and  therefore  will  tend  to  increase 
both  cost  and  selling  price;  so  that  if  at  this  point  there  is  introduced 
the  third  party  to  all  such  transactions,  namely,  the  ultimate  consumer, 
we  discover  who  pays  the  carrying  charge  of  this  risk.  This  added 
item  of  cost  may  appear  in  the  preliminary  financing  in  the  form  of  a 
larger  interest  rate  offered  to  the  bondholder,  or  of  a  larger  discount 
given  to  the  underwriter,  or  of  a  larger  dividend  promised  to  the  stock- 
holder, or  in  all  these  combined. 

The  uncertainty  in  the  valuation  of  undeveloped  resources  may  be 
illustrated  by  citing  that  of  coal  estimates  in  unexplored  territory,  it 
being  a  common  experience  of  engineers  either  to  overestimate  or  to 
underestimate  the  tonnage,  even  after  preliminary  drilling  of  the 
tract  under  consideration.*  As  a  means  of  obviating  this  uncertainty 
so  far  as  the  amount  of  payment  to  the  land  owner  by  the  operator  is 
concerned  and  of  permitting  a  more  equitable  sharing  of  the  attendant 
risk,  the  advantage  of  lease  over  sale  becomes  apparent.  In  timber 
lands  the  benefits  of  operating  under  lease  are  of  similar  nature. 

The  charge  paid  by  the  operator  to  the  land  owner  under  lease- 
hold may  be  figured  at  either  a  fixed  or  a  variable  rate.  If  fixed,  the 
charge  may  be  either  one  based  upon  the  area  of  the  land  involved, 
in  which  case  it  is  termed  rent  when  paid  periodically  or  bonus  when 
paid  in  a  lump  sum,  or  one  determined  by  the  quantity  of  the  prod- 
uct of  the  land,  in  which  case  it  is  termed  royalty ;  or  the  compensa- 
tion may  be  fixed  by  a  combination  of  the  two  methods.  Rent  and 
bonus  are  in  a  measure  unfair,  or  at  least  less  equitable,  in  that  they 
involve  no  direct  account  of  the  extent  of  actual  use,  while,  on  the 
other  hand,  royalty  is  dangerous  in  that  it  sometimes  places  a  pre- 
mium on  speculative  non-development  or  non-use  in  furtherance  of 


^  The  difScnltiefl  attending  eyen  the  most  painstakmg  efforts  to  estimate  value  or  predict 
profits  are  best  set  forth  in  the  oontribation  of  Dr.  Chance,  Valuation  of  Coal  Land,  at  the 
fiatte  meeting  of  this  Institute,  Trans,,  zlvii,  111  (1913). 
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monopolizatiou.  A  combination  of  the  two  becomes  advantageous, 
wherein  the  rent  is  made  a  penalty  for  non-use  but  is  remitted  when- 
ever an  equivalent  royalty  is  being  paid. 

Royalty,  expressed  as  so  many  cents  or  dollars  per  unit  of  the  pro- 
duct, fails  to  provide  the  proper  division  of  profit  in  that  it  neglects 
full  consideration  of  the  varying  value  of  that  product.  To  conform 
to  such  variation  with  either  time  or  place  the  royalty  itself  should 
be  variable,  and  it  may  be  made  so  by  a  variation  in  terms  whereby  the 
royalty  varies,  for  instance,  with  stage  of  development  and  thus  in- 
directly and  somewhat  indefinitely  with  cost  of  operation,  an  arbitrary 
method  of  securing  a  definite  sharing  of  the  expected  profits;  or  the 
rate  may  be  made  to  vary  with  market  price  of  product,  as  in  iron 
ore  leases,  wherein  there  is  a  fixed  basal  royalty  with  an  increment 
dependent  upon  the  current  market  price  of  ore.  Or,  better,  the 
variation  may  be  made  to  coincide  automatically  with  the  changing 
value  of  the  product  by  making  the  royalty  one  in  kind,  as  is  the  com- 
mon practice  in  petroleum  leases,  where  the  royalty  is  a  stated  frac- 
tion of  the  output.  Yet  even  this  better  form  of  variable  royalty 
itself  falls  short  of  the  ideal  by  its  lack  of  consideration  of  the  impor- 
tant element  of  cost  of  operation,  although  of  course  it  takes  full 
account  of  the  varying  selling  price.  If  these  methods  of  varying'  the 
royalty  with  changing  cost  and  price  are  combined  a  nearer  approach 
to  the  ideal  is  attained,  as,  for  instance,  if  the  fraction  expressing  the 
royalty  should  be  decreased  as  cost  goes  up  or  as  gross  receipts  go 
down.  An  illustration  of  this  may  "he  seen  in  the  advantages  that 
would  accrue  in  the  case  of  an  oil  pool  having  a  steadily  decreasing 
yield,  where  the  royalty  fraction  should  be  proportionately  decreased, 
thus  affording  the  operator  a  continuing  profit — sufficient  to  warrant 
his  continued  pumping  rather  than  forcing  him  to  abandon  the  field. 
On  the  side  of  the  land  owner,  receipts  would  continue  over  a  longer 
period  and  aggregate  a  much  larger  amount,  even  if  the  royalty  rate 
was  successively  decreased  from  ^  to  ^  to  -^-^  to  ^^y  to  ^  or  even  to  ^. 
Even  more  important  would  be  the  public  advantage  of  obtaining 
from  the  pool  a  longer  continued  and  larger  aggregate  production. 
Such  a  form  of  royalty  would  therefore  be  most  conducive  to  con- 
servation, in  the  benefits  of  which  land  owner,  operator,  and  consumer 
would  all  share. 

All  these  variations  in  the  terms  of  the  leasehold  are  simply  methods 
of  attaining  a  division  of  profit  between  owner  and  operator ;  that 
is,  they  have  one  and  the  same  object:  namely,  the  equitable  divi- 
sion of  the  value  of  a  resource  as  it  is  being  developed.  They  all 
fail,  however,  of  attaining  their  object  in  whatever  degree  they  neg- 
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lect  to  take  into  account  all  the  elements  that  determine  and  limit 
the  ultimate  profits :  namely,  varying  cost,  varying  output,  and  vary- 
ing price.  Commonly  at  least  one  of  these  factors  is  either  omitted 
or  at  best  only  roughly  estimated  in  advance.  In  this  way  the  divi- 
sion actually  becomes  more  or  less  a  division  of  gross  receipts,  so 
that  it  logically  follows  that  a  better  result  should  be  secured  directly 
by  the  division  of  net  returns. 

Under  a  lease  of  this  ideal  type  the  return  to  the  land  owner  would 
be,  not  a  royalty  either  fixed  in  amount  or  even  variable  with  both 
quantity  and  value  of  product,  but  instead  a  royalty  defined  in  terms 
of  a  fractional  interest  on  the  part  of  the  land  owner  in  the  net  re- 
turns of  the  operation.  This,  in  short,  would  be  a  partnership  similar 
to  cropping  on  shares  by  a  farm  tenant.  If  the  operation  produced 
negative  results  the  operator,  as  the  one  more  directly  responsible, 
should  probably  bear  the  whole  monetary  loss,  the  land  owner  on  his 
side  having  lost  his  share  in  a  possible  value  of  the  resource  under 
other  management  It  would  seem  also  to  follow  that  in  this  type 
of  lease  the  fixing  of  a  time  limit  would  become  unnecessary.  Changing 
conditions,  whether  physical  or  social,  need  be  neither  predicted  nor 
discounted  to  preserve  the  equities  of  either  party,  so  that  the  lease 
could  be  indeterminate  in  form,  its  life  being  dependent  upon  only 
the  permanence  of  the  resource  or  of  the  market  for  the  product. 

Two  objections  to  the  practicability  of  this  method  will  at  once 
be  suggested.  First,  the  difficulty  in  the  land  owner  controlling  the 
eflBciency  and  economy  of  the  operation.  He  has,  however,  two 
means  of  influence :  the  one  direct,  namely,  his  choice  of  the  lessee, 
and  the  other  indirect,  namely,  the  fact  that  the  owner's  returns  and 
the  operator's  returns  will  be  proportionate,  so  that  it  is  to  the  oper- 
ator's interest,  as  well  as  to  the  owner's  interest,  to  obtain  the  largest 
possible  net  returns.  The  second  objection,  which  has  a  larger  basis  in 
fact,  is  the  difficulty  of  insuring  both  an  honest  and  an  accurate  account- 
ing.* Here,  however,  the  only  answer  Is  one  based  upon  an  opti- 
mistic outlook  on  present  tendencies  in  business.  The  trend  is 
unmistakably  toward  uniform  and  public  accounting.  The  require- 
ment of  open  accounts  in  which  well- recognized  methods  of  account- 
ing must  be  adopted  will  prevent  in  large  measure  not  only  any 
misrepresentation  to  the  land  owner  but  also — what  is  equally  im- 
portant— ^the  imposing  on  the  consumer  of  a  price  involving  an  over- 


'  Veatch  reports  that  in  Booth  Australia,  where  a  rojaltj  of  2.5  per  cent  on  net  profits 
has  been  in  effect  in  leases  for  half  a  century,  the  practical  difficulty  of  ascertaining  ilet 
profits  is  regarded  as  insurmountable.  Bulletin  No.  505,  U.  S.  Oeologieal  Survey^  p.  62 
(1912). 
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large  profit  to  the  two  partners,  the  landlord  and  the  operator.  Such 
an  element  of  possible  graft  as  fattening  the  pay  roll  with  inefficient 
and  overpaid  officials,  perhaps  related  to  the  operator,  could  be  pre- 
vented by  conditions  in  the  lease.  Inasmuch  as  the  operator's  equita- 
ble share  of  the  returns  commonly  would  be  by  fur  the  larger  share, 
the  inducement  to  this  form  of  petty  graft  would  not  be  so  great  in 
practice  as  would  at  first  glance  appear  likely. 

Thus  far  the  landlord  considered  has  been  the  private  or  corporate 
land  owner.  If  the  government  is  the  landlord  other  factors  enter 
into  the  problem,  without,  however,  affecting  the  force  or  applicability 
of  the  principles  already  set  down.  Here  the  government,  as  the 
lessor,  is  acting  in  a  dual  capacity :  namely,  that  of  landlord  and  that 
of  representative  of  the  consumer.  The  larger  public  interest  in  the 
lease  may  thus  relate  to  beneficial  control  of  operation  and  production 
rather  than  to  the  revenue  involved  in  the  operation  under  the  lease. 
The  sharing  between  the  owner  and  operator  of  the  ultimate  value  of 
the  resource  developed  has  as  its  purpose  the  increasing  of  the  ulti- 
mate return  to  the  public,  which  may  come  in  one  of  two  ways, 
directly  by  increasing  the  royalty  or  indirectly  by  keeping  down  the 
price  to  the  consumer.  In  certain  cases,  moreover,  a  low  royalty 
rate,  with  low  price,  might  stimulate  consumption  to  so  great  an  ex- 
tent that  it  would  yield  an  aggregate  larger  royalty  than  would  result 
from  a  higher  rate,  thus  giving  a  double  benefit  to  the  public. 

The  difficulties  attending  a  valuation  of  government  land  for  sale 
largely  arise  from  the  fact  that  the  government  has  this  double  role. 
As  the  representative  of  the  people  the  administrative  officer  hesi- 
tates to  put  so  high  a  valuation  upon  the  resource  as  to  hinder  its 
development  or  directly  affect  the  cost  and  selling  price  of  the  prod- 
uct.    Thus  in  the  valuation  of  public  coal  lands,  for  instance,  every 
element  of  uncertainty  is  resolved  by  the  official  representatives  of 
the  public  in  favor  of  the  prospective  buyer.     Under  leasehold  these 
uncertainties  as  regards  quantity  of  resource  would  disappear,  for  the 
royalty  is  paid  only  as  the  resource  is  developed.     If  the  royalty  be 
made  to  vary  vdth  net  returns  from  the  operation,  so  that  the  charge 
is  determined  as  the  result  of  actual  division  of  profit,  it  will  follow 
that  the  public,  in  its  capacity  as  landlord,  will  get  back  a  propor- 
tionate part  of  whatever  it,  in  its  capacity  as  consumer,  pays  for  the 
product  over  and  above  the  actual  cost.     In  this  sense  the  develop- 
ment of  the  natural  resource  will  be  put  on  a  purely  co-operative 
basis. 

In  the  recently  approved  permit  for  the  utilization  of  water  power 
on  Pend  d'Oreille  river  or  Clark  fork  of  the   Columbia,  the  use  of 
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Federal  lands  is  conditioQed  upon  prompt  constraction  and  installa- 
tion, with  no  charge  daring  the  period  of  development  of  works  and 
of  market  After  10  years  the  rate  of  compensation  to  the  ffovern- 
ment  ™ie,  i-wsely  L  th.  «„.re  o.  «.e  proportional  ae.atopmen. 
of  the  site  and  directly  as  the  square  of  the  average  price  charged 
for  electric  energy  to  both  customers  and  consumers.  While  protec- 
tion of  the  ultimate  consumer  is  the  purpose  of  these  terms,  the 
return  to  the  government,  as  will  be  seen,  is  determined  by  the 
receipts  of  the  operator.  Furthermore,  since  operating  costs  doubt- 
less vary  within  a  smaller  range  than  selling  prices,  this  royalty, 
which  varies  with  the  square  of  the  average  price,  becomes  one  based 
more  nearly  upon  net  profits  than  upon  gross  receipts. 

As  applied  to  the  development  of  any  natural  resource  belonging 
to  the  people  the  practical  effect  of  a  leasehold  plan  wherein  the 
royalty  would  be  a  certain  proportion  of  net  returns  resulting  from 
the  development  of  each  particular  resource  will  be  threefold :  1.  A 
certain  part  of  the  element  of  risk  will  be  eliminated,  thereby  making 
possible  a  lower  factor  of  safety  in  the  operation  finances,  so  that  the 
cost  can  be  reduced,  to  the  possible  benefit  of  the  consumer;  at 
least  there  will  be  one  less  reason  for  excessively  high  prices  to  the 
consumer.  2.  Any  false  excuse  for  exorbitant  prices  to  the  consumer 
will  be  prevented  by  open  books.  8.  An  equitable  sharing  of  profit 
between  the  owner  and  the  developer  of  the  resource  will  be  possible 
because,  with  the  relative  equities  between  these  two  partners  deter- 
mined, that  division  of  profits  will  be  applied  directly  to  actual 
returns  rather  than  to  estimates  representing  long-range  predictions 
or  only  partial  determinations. 

The  present-day  tendency  is  to  recognize  more  and  more  the 
public-service  nature  of  great  industrial  developments.  Govern- 
mental regulation  is  not  only  an  accomplished  fact  in  intraurban  as 
well  as  interstate  transportation  but  is  rapidly  becoming  a  realized 
ideal  in  the  conduct  of  other  corporate  business  the  products  of 
which  constitute  the  necessities  of  life.  Thus  the  combination  of 
public  ownership  and  private  operation  in  the  utilization  of  natural 
resources,  such  as  the  great  supplies  of  mineral  fuels  and  fertilizers 
or  of  timber  or  of  water  power  remaining  in  public  ownership,  may 
be  regarded  as  simply  a  logical  phase  of  present-day  progress.  With 
the  government  as  a  partner,  possessing  a  common  interest  in  the 
profits  of  development,  the  individual  or  corporate  operator  should 
expect  sympathetic  co-operation  and  a  minimum  of  administrative 
supervision,  with  its  attendant  evils  of  unnecessary  overhead  charges 
and  costly  delays.  We  might  even  attain  that  ideal  of  production 
which  accomplishes  the  lowering  of  prices  by  keeping  down  costs. 
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Discussion 

Continued  Discussion  of  the  Author's  paper  on  Our  National  Resources  and  Our 
Federal  Government  {Trana.y  xliv,  612),  and  Discussion  of  the  paper  of  Geohge 
Otis  Sicith  on  The  Disposition  of  Natural  Resources,  p.  430. 

R.  W.  Raymond,  New  York,  N.  Y. — The  propositions  contained  in 
my  paper  above  mentioned  were  denied,  in  whole  or  in  part,  in  communica- 
tions to  the  Secretary  from  Messrs.  R.  B.  Brinsmade,  Pueblo,  Mexico; 
G.  W.  Wepfer,  Berkeley,  Cal.;  and  George  Otis  Smith,  Director  of  the 
U.  S.  Geological  Survey. 

Mr.  Brinsmade,  agreeing  with  me  as  to  the  desirability  of  local, 
rather  than  Federal,  administration,  and  as  to  the  evils  inseparable 
from  the  Federal  "apex  law,"  dissents  from  my  "four  final  propositions,'' 
for  reasons  given  in  addition  to  those  stated  by  Director  Smith. 

These  four  propositions  were  in  substance:  (1)  that  governmental 
interference  with  private  enterprise  is  in  general  undesirable;  (2)  that, 
if  necessary,  it  should  be  performed  by  a  municipal  or  State,  rather  than 
by  the  Federal,  government;  (3)  that  a  certain  system  of  leasing  (which 
I  defined)  is  the  worst  that  could  be  adopted  by  any  government;  and  (4) 
that  the  argument  for  Federal  leasing  of  the  coal  lands  cmd  water  powers 
of  the  public  domain  would  be  equally  strong  for  a  similar  treatment  of 
other  mineral,  or  even  of  agricultural,  lands,  concerning  which  we  had 
heard,  at  the  time  I  wrote  my  paper,  practically  nothing  from  the  advo- 
cates of  the  new  Federal  policy.  At  least,  such  an  extension  of  the  new 
plan  of  Federal  control  had  been  explicitly  disclaimed  by  President 
Taft,  in  a  public  address,  advocating  that  plan  for  coal  lands  and  water 
powers. 

Mr.  Brinsmade  explicitly  approves  my  second  proposition,  and  does 
not  explicitly  condemn  my  first.  His  opposition  to  the  third  (apart  from 
arguments  like  those  of  Director  Smith,  to  be  considered  later)  seems  to 
rest  upon  an  economic  theory  as  to  the  private  ownership  of  land,  which  I 
must  decline  to  discuss  here.  It  is  an  old  theory,  as  familiarly  known 
as  it  is  frankly  rejected  by  the  best  authorities.  But  it  is  not  perti- 
nent to  this  discussion,  because  it  attacks  the  ownership  of  all  land 
whatever. 

It  is  "on  the  basis"  of  this  economic  theory,  that  Mr.  Brinsmade  dis- 
putes "the  assertion  of  Dr.  Raymond  that  our  railroad  land  grants  and 
mineral-land  laws  were  essential  to  the  settlement  of  the  West."  I  did 
not  use  the  word  "essential,"  and  I  plainly  said  that  the  result  referred  to 
might  have  been  reached  by  much  longer  processes.  But  the  difiFerence 
is  trivial;  and  the  facts  are  incontrovertible  "on  the  basis"  of  any  theory 
whatever. 
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As  to  my  fourth  proposition,  Mr.3ri]ismade  claims  that  it  has  ah*eady 
been  answered  by  many  foreign  ooimtries.  Perhaps  I  am  to  blame  for  his 
misunderstanding  of  my  statement^  which  referred  exclusively  to  this 
country,  where  the  doctrine  of  the  governmental  ownership  of  all  prop- 
erty, apparently  approved  by  him,  is  advanced  by  a  party  not  yet  ven- 
turing to  carry  it  to  its  logical  result,  and  therefore  confining  it,  for  the 
present,  to  certain  kinds  of  property,  called  National  Resources.  I  am 
grateful  to  Mr.  Brinsmade  for  his  through  exposition  of  the  doctrine  and 
its  ultimate  results.  ^ 

Mr.  Wepfer  describes  the  government  leasing  system  of  Bolivia,  which 
is  quite  unlike  the  system  I  characterized  as  bad.  According  to  his 
account,  any  one,  citizen  or  foreigner,  can  acquire  in  Bolivia  for  $1.66  per 
acre  a  patent  to  mining  ground  of  which  he  holds  exclusive  possession  so 
long  as  he  pays  semi-annually  a  tax  of  33  c.  per  acre.  This  is  practi- 
cally a  purchase  of  the  ground.  The  forfeiture  of  ownership  by  non-pay- 
ment of  the  small  tax  constitutes  no  hardship.  Continuous  working  is 
apparently  not  required.  The  revenue  from  the  tax  must  be  insignificant 
— scarcely  enough  to  cover  the  cost  of  collection. 

To  my  argument  that  it  would  be  unwise  for  the  Federal  government 
to  treat  the  different  States  differently,  Director  Smith  replies  only  that 
there  has  been  for  the  past  half-century  an  evident  tendency  to  expand 
Federal  fimctions,  and  that  it  is  only  "national"  resources  that  the 
national  government  is  to  administer — and  specifies  the  mineral  wealth  of 
the  public  lands  as  an  illustration.  My  rejoinder  is  simple.  I  admit  the 
existence  of  such  a  tendency  as  he  asserts;  and  I  recognize  that  it  has  been 
largely  created  and  augmented  by  the  zeal  of  enthusiastic  heads  of  Federal 
departments;  but  I  believe  it  to  be  dangerous  and  unwise. 

In  emphasizing  the  all-important  distinction  between  the  landlord  and 
the  sovereign,  and  showing  that  in  dealing  with  the  public  mineral  lands, 
the  United  States  has  acted  as  the  owner,  not  as  the  sovereign,  I  have 
hitherto  tacitly  assumed  that  the  ownership  oif  the  United  States  was  as 
complete  as  that  of  any  private  owner  of  the  common-law  fee-simple, 
covering  both  the  surface  and  the  minerals  beneath  it,  and  conferring  the 
right  of  perpetual  possession,  free  administration,  lease  or  sale  of  both  to- 
gether, or  of  either  separately.  For  the  purpose  of  my  argument,  this 
was  sufficiently  accurate;  for  the  mineral -land  laws  under  discussion  looked 
to  the  sale^of  the  lands  only.  But  now  it  is  frankly  proposed  that  the 
United  States  shall  no  longer  sell  these  lands,  but  shall  hold  and  lease  them 
for  the  benefit  of  the  Federal  treasury.  This  warrants  a  closer  inquiry 
into  the  history  and  nature  of  the  "ownership"  of  the  public  lands';  and 
such  an  inquiry  discloses  some  interesting  facts.  Perhaps  our  fathers  did 
not  know  as  much  as  we  do;  perhaps  their  promises  are  not  binding  upon 
us;  perhaps  their  institutions  are  not  worthy  to  stand  against  our  "tend- 
encies."   Nevertheless,  we  can  afford,  in  our  superior  strength  and  wis- 
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dom,  to  learn  what  we  are  undermining  or  overthrowing,  or  even  simply 
(but  not  less  destructively)  ignoring.^ 

The  weU-known  origin  of  our  public  domain,  through  the  cession  of 
Western  lands  by  certain  of  the  original  States,  was  the  result  of  an 
agreement,  ending  a  long  controversy,  consummated  before  the  adoption 
of  the  Constitution,  and  confirmed  in  that  instrument.  In  that  con- 
troversy, Virginia,  the  steadfast  champion  of  State  sovereignty  and  op- 
ponent of  imperial  domain,  refused,  against  great  pressure,  to  consent  to 
the  transfer  of  unconditional  ownership  of  the  lands  in  question;  and, 
after  a  proposition  made  by  Congress  in  1780,  submitted  her  own  counter- 
proposition,  which  was  agreed  to  by  Congress  in  1783;  and  March  1, 1784, 
the  deed  of  Virginia  was  accepted  by  Congress.  This  deed  transferred 
all  the  rights  of  Virginia  on  conditions  which  made  the  Federal  govern- 
ment, not  absolute  owner,  but  trustee,  authorized  to  administer  the  pub- 
lic lands  for  the  benefit  of  all  the  present  or  future  States  of  the  Con- 
federation, but  bound  to  dispose  of  them  so  that  they  should  be  settled 
and  formed  into  distinct  republican  States,  and  as  such  admitted  into  .the 
Federal  union,  with  the  same  rights  of  sovereignty,  freedom  and  inde- 
pendence as  the  other  Sates. 

The  deeds  of  other  States,  held  back  to  await  the  decision  of  Virginia, 
were  subsequently  executed;  and  the  Confederation  thus  became  holder  in 
trust  of  the  public  domain,  on  the  conditions  which  the  wisdom  and 
courage  of  Virginia  had  imposed. 

The  Convention  which  framed  our  present  Constitution  came  some 
years  later  (1787),  was  subordinate  to  Congress,  and  was  required  to  re- 
port to  Congress;  and  the  provision  of  the  new  Constitution,  relating  to 
the  public  lands,  was  framed  in  conformity  with  the  Congressional  ordi- 
nace  of  1787,  and  confirmed  the  contract  with  Virginia,  by  declaring  that 
nothing  in  the  Constitution  should  prejudice  the  rights  either  of  (1)  the 
United  States,  or  (2)  of  any  particular  State.  The  former  rights  cov- 
ered the  profit  which  the  United  States  might  realize  from  the  public 
lands  before  their  sale  or  through  their  sale;  the  latter  rights  were  those 
of  the  grantor  States  to  insist  that  the  one  and  only  purpose  of  Federal 
management  should  be  the  sale  of  the  lands  and  the  formation  of  new 
States. 

I  think  no  competent  student  can  deny  that  the  title  of  the  United 
States  under  the  new  Constitution  was  the  same  as  under  the  preceding 
Articles  of  Confederation,  and  that,  whatever  its  exact  nature,  it  forbade 
the  adoption  of  any  system  of  Federal  administration  looking  to  the 

^  The  following  statement,  based  upon  an  address  on  The  Status  of  the  Public 
Lands,  and  Its  Relation  to  Mining  Tenures,  by  George  T.  Edwards  of  Berkeley,  Cal., 
delivered  brfore  the  San  Franoisoo  section  of  the  Mining  and  Metallurgical  Society 
of  America,  and  published  in  the  BttUetin  of  that  Society,  No.  57,  vol.  vi,  No.  2, 
(Feb.  28,  1913),  I  have  verified  by  refer^ice  to  original  sources. 
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permanent  Federal  ownership  of  the  public  lands.  Refined  subtlety  of 
construction  as  to  the  language  of  these  documents  is  out  of  place;  for 
the  old  common  law  still  governs  us  in  the  interpretation  of  contracts 
according  to  the  intention  of  the  parties;  and  concerning  this  intention 
there  is  no  doubt.  Virginia  victoriously  maintained,  Congress  finally 
accepted,  and  the  new  Constitution  ratified,  the  principle  that  no  great 
tracts  of  land,  held  by  the  central  government,  should  ever  prevent  the 
formation  of  new  sovereign  States,  or  impair  the  power  and  rank  of  such 
States.  If  further  confirmation  be  needed,  it  may  be  found  in  the  de- 
cision pronounced  by  the  United  States  Supreme  Court  in  1845*  concern- 
ing certain  public  lands  in  Alabama,  which  declares: 

"The  United  States  never  had  any  municipal  sovereignty,  jurisdiction,  or  right 
of  soil  in  and  to  the  territory  of  which  Alabama,  or  any  of  the  new  States  were  formed, 
except  for  temporary  purposes,  and  to  execute  the  trusts  created  by  the  acts  of  Vir- 
ginia and  Georgia  legislatures,  and  the  deeds  of  cession,  executed  by  them  to  the 
United  States,  and  the  trust  created  by  the  treaty  with  the  French  republic,  of  the  30th 
of  April,  1803,  ceding  Louisiana.  .  .  .  When  the  United  States  accepted  the 
cession  of  the  territory,  they  took  upon  themselves  to  hold  the  municipal  eminent 
domain  for  the  new  States,  and  to  invest  them  with  it,  to  the  same  extent,  in  all  re- 
spects, that  it  was  held  by  the  States  ceding  the  territory." 

This  decision  goes  far.  It  declares  that  even  the  territory  acquired 
by  the  Louisiana  purchase,  like  the  land  previously  ceded  by  some  of  the 
original  thirteen  States,  is  held  by  the  United  States  as  a  trust  for  the 
creation  and  endowment  of  new  States.  In  the  treaty  of  1803  with  the 
French  republic,  the  United  States  guaranteed  to  the  inhabitants  of 
the  ceded  territory  the  same  rights  as  were  guaranteed  already  by  the 
CoDstitution  to  the  inhabitants  of  the  existing  public  domain. 

But  in  the  argument  which  Director  Smith  opposes,  I  did  not  go  so  far 
as  to  assert  that  the  Federal  administration  which  he  advocates  would  be 
unconstitutional.  I  contended  only  that  it  would  be  unwise,  as  a  matter 
of  statesmanship.  And  I  am  still  content  to  stand  upon  that  ground. 
Whatever  the  legal  or  historical  reasons,  the  fact  is,  that  the  public  domain 
conveyed  by  some  of  the  original  States  has  been  treated  according  to  the 
contract  made  with  them;  that  the  State  of  Texas  was  admitted  by  treaty, 
with  its  own  public  lands  and  land  laws,  and  entirely  free  from  any  claim 
of  the  United  States  over  any  one  of  its  "natural  resources";  and  that 
hitherto,  the  policy  of  the  United  States,  as  expressed  in  its  legislation, 
has  been  to  carry  out,  whether  it  was  or  was  not  legally  bound  so  to  do, 
the  policy  established  in  1784,  and  then  expected  to  be  permanent — 
namely,  that  of  administering  the  public  domain  for  the  purpose  of  hav- 
ing it  occupied,  as  soon  as  possible,  by  citizens  owning  it;  of  forming  out 
of  these  citizens,  as  soon  as  practicable,  new  States,  and  of  leaving  to 

*  Pollard's  Leasees  vs.  Hogan  (3  How.,  212),  cited  by  Mr.  Edwards  in  the  paper 
already  mentioned,  and  consulted  since  by  me. 
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these  new  States,  as  a  source  of  revenue,  the  taxation  of  the  wealth 
produced  from  their  natural  resources. 

What  Director  Smith  and  his  party  propose  ought  to  be  acknowledged 
as  at  least  new.  They  propose  that  instead  of  selling  "national  resources" 
to  private  citizens,  and  thereby  making  them  taxable  by  individual  States, 
the  Federal  government  shall  hold  on  to  them  and  lease  them — ^not  for  the 
appreciable  direct  advantage  of  the  Federal  treasury;  nobody  dreams  any 
such  wild  dream  as  that — but  for  enough  to  pay  the  cost  of  Federal  "ad- 
ministration" and  experimentation,  leaving  the  State  to  get  what  revenue 
it  can  by  indirect  taxation. 

The  State  of  Texas  is  already  looming  up  as  a  formidable  rival  of  its 
sisters  in  the  Union.  Its  immense  area;  its  varied  natural  resources;  its 
climate,  favoring  all  industries;  and,  above  all,  its  complete  immunity 
from  Federal  control  (whether  in  the  name  of  "conservation"  or  in  any 
other  name)  of  its  own  self-directed  internal  development,  are  making  it 
more  and  more  portentous.  Whatever  may  be  adopted  as  the  policy  for 
administering  United  States  public  lands  in  other  States  will  not  apply  to 
Texas,  which  contains  no  such  lands. 

I  venture  to  say  that  any  legislation  which  handicaps  other  States,  by 
reason  of  their  history,  while  it  excepts  Texas  by  reason  of  its  history,  is 
bad  statesmanship.  I  know  that  the  theoretic  right  of  secession  from  the 
Union  was  disproved  by  a  terrible  war;  but  I  am  equally  sure  that  the 
peaceful  and  prosperous  maintenance  of  the  Union  requires  a  just  and 
equal  treatment  of  the  States  which  compose  it.  Whether  the  people  of  a 
given  State  resort  to  futile  armed  rebellion  or  not,  is  a  subordinate  ques- 
tion.   The  main  question  is,  do  they  feel  that  they  are  justly  treated? 

The  policy  established  by  our  fathers  in  the  contract  with  Virginia  and 
other  States,  whether  it  be  or  be  not,  with  regard  to  all  the  territory 
subsequently  acquired,  legally  binding  upon  us,  solves  this  problem. 
And  that  is  why  I  say,  independently  of  all  legal  and  constitutional  argu- 
ment, that  the  revolutionary  novelty  of  permanent  Federal  ownership 
would  be  bad  statesmanship. 

Director  Smith  objects  to  my  contention  that  local,  instead  of  central, 
government  should  deal  with  local  interests  and  industries,  asserting  his 
belief  to  the  contrary.  But  I  am  of  the  same  opinion  still,  though  I  ab- 
stain, for  the  present,  from  advancing  further  proofs  of  my  proposition, 
which  might  involve  invidious  criticism  of  friends  in  official  positions, 
whose  loyal  labors  I  am  not  inclined  to  disparage.  Yet  I  must  be  per- 
mitted to  say  in  general  terms,  and  without  personal  references,  that  I 
have  seen  in  no  department  any  proof  that  government  employees  are 
specially  qualified  to  supervise  the  operations,  solve  the  problems,  or 
prescribe  the  models  for  individual  enterprise.  This  general  statement 
covers  State  as  well  as  Federal  activities;  but  with  reference  to  the  dis- 
tinction between  them,  I  will  add  that,  within  the  last  ten  years,  at  least 
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two  of  the  Federal  executive  departments  have  been  guilty  of  errors  which 
have  escaped  the  condemnation  they  deserved,  and  would  have  received, 
if  they  had  been  perpetrated  in  the  service  of  a  single  State.  What  I 
know  of  Federal  administration  has  convinced  me  that  it  is  less  desirable 
than  State  administration,  and  that  either  of  them  is  less  desirable  than 
individual  enterprise  under  ordinary  legal  responsibility,  as  a  means  of 
securing  the  benefits  of  public  prosperity  and  social  justice  which  the 
advocates  of  all  these  i^stems  profess  to  seek. 

Director  Smith  defends  the  leasing  Efystem  on  sundry  grounds  of 
economic  theory,  and  by  appeal  to  the  experience  of  other  nations.  I 
must  postpone  to  some  future  occasion  the  thorough  discussion  of  that 
subject.  The  most  important  feature  of  the  present  situation  is  the  cir- 
cumstance that  the  intelligent  and  patriotic  official  head  of  a  great  and 
useful  Executive  department,  now  frankly  advocates  this  system  for  all 
the  mineral  resources  of  the  public  domain.  I,  for  one,  welcome  this 
declaration  as  a  substitute  for  the  piece-meal  suggestions  of  exceptional 
treatment  for  special  "resources,"  like  Alaska  coals,  or  phosphate  lands, 
or  possible  deposits  of  radium.  Let  us  have  the  full  plan  of  Federal  con- 
trol at  once,  and  know  what  we  have  to  face! 

It  is  hardly  necessary  to  assure  us  that  the  proposed  leasing  of  ''na- 
tional resources"  would  be  done  rather  for  public  benefit  than  for  public 
revenue.  Past  experience,  as  well  as  common  sense,  assure  us  that  the 
expenses  of  inspection  and  regulation  would  quite  absorb,  if  they  did  not 
exceed,  the  net  revenue  of  the  system.  Indeed,  those  of  our  States  which 
possess  no  resources  on  which  the  Federal  government  can  at  present  lay 
its  helping  hand — a  large  majority,  in  fact,  of  those  which  constitute  the 
Union — might  count  themselves  fortunate  in  such  an  event,  if  they  did 
not  have  to  pay  their  share  of  the  extra  expense  of  the  blessings  govern- 
mentally  bestowed  upon  their  less  fortunate  sisters. 

Director  Smith  corrects  what  he  regards  as  an  inadvertence  on  my 
part  in  my  statement  that  the  advocates  of  a  leasing  Efystem  contemplate 
the  requirement  of  continuous  operation,  and  adduces  to  the  contrary 
a  passage  from  his  annual  report  of  1911,  referring  to  needed  legislation 
for  oil  lands.  My  statement  was  based  on  a  plain  declaration  of  the 
President  of  the  United  States  to  the  effect  that  "natural  resources" 
should  be  leased  by  the  Federal  government  on  the  condition  of  con- 
tinuous utilization  of  the  privilege  granted.  I  had  not  read  Director 
Smith's  report;  but  I  do  not  see  that  his  plan  for  oil  leases  offers  anything 
essentially  different.  Instead  of  punishing  the  suspension  of  production 
under  lease  by  the  forfeiture  of  the  lease,  he  would  make  the  "ground 
rental  sufficiently  high  to  discourage  the  acquisition  of  lands  except  for 
immediate  and  continued  development,"  and  he  says  that  "this  indirect 
control  of  development  would  be  preferable  to  the  direct  enforcement,  by 
forfeiture,  of  continuous  production,  which  should  be  avoided  because  of 
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the  danger  of  disturbing  the  delicate  equilibrium  between  supply  and 
demand." 

As  I  understand  this  statement,  the  high  ground  rent  is  expected  to 
discourage  the  holding  of  oil  land  without  producing  oil  from  it.  On  the 
far  greater  and  more  immediate  evil  of  reckless  overproduction  and  con- 
sequent irrevocable  waste,  it  would  have  a  contrary  eflfect,  if  it  had  any. 
It  would  be  much  more  practical  to  lower  the  rent  for  a  tenant  who  was 
prevented  by  the  delicate  operations  of  supply  and  demand  from  produc- 
ing oil  at  a  profit,  and  thereby  encourage  him  to  assist  the  government  in 
conserving  the  oil  until  a  rise  in  market  price  showed  that  it  was  needed. 
But  most  practical  of  all  would  it  be,  to  let  the  aforesaid  equilibrium  be- 
tween supply  and  demand  (the  variations  of  which,  though  delicate,  are 
irresistible)  take  care  of  the  whole  matter.  For  it  operates  by  the  old- 
fashioned  law  of  gravity,  with  which,  when  it  is  acting  in  our  favor,  we  can 
often  best  co-operate  by  letting  it  alone.  But  I  did  not  intend,  in  this 
reply  to  Director  Smith's  criticisms  of  my  paper,  to  wander  into  a  discus- 
sion of  his  own  later  utterance;  and,  indeed,  I  would  not  have  mentioned 
it  had  he  not  called  attention  to  it  in  his  remarks.  The  question  pre- 
sented by  the  petroleum  lands  is  in  many  respects  peculiar,  and  deserves 
separate  consideration. 
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An  Oil-Land  Law 

BT  QKORGB  0TI8  SMITH,  WASHINGTON,  D.  C. 
(New  York  Meeting,  February.  1914) 

Introduction 

That  an  oil-land  law  is  the  most  needed  item  in  the  proposed  program 
of  mineral-land  legislation  follows  from  the  fact  that  Congress  has  never 
enacted  a  law  really  applicable  to  petroleum  and  natural  gas.  The  action 
of  Congress  in  1897  in  authorizing  entry  of  oil  lands  under  the  placer  law, 
enacted  27  years  before  for  the  mining  of  gold  in  surface  gravels,  was 
plainly  only  makeshift  legislation.  Naturally  the  provisions  of  this 
placer  law  with  its  requirement  of  discovery  as  a  prerequisite  to  location 
are  nothing  less  than  absurd  when  applied  to  petroleum  deposits  hundreds 
or  thousands  of  feet  beneath  the  surface.  Other  reasons  which  rend^ 
oil-land  legislation  an  urgent  necessity  arise  first  from  the  large  acreage  of 
lands  believed  to  be  valuable  for  their  deposits  of  oil  and  gas  and  therefore 
withdrawn  by  Executive  order  from  all  entry  pending  the  enactment  of 
an  appropriate  law  for  their  disposition — a  withdrawal  that  has  b^en 
specially  ratified  by  Congress  in  the  case  of  one  State,  Utah — and  second 
from  the  exceptional  importance  of  this  resource  to  the  nation,  the  large 
industrial  worth  of  petroleum,  and  indeed  its  paramount  value  to  the 
navy,  not  being  suspected  17  years  ago  when  Congress  last  legislated 
upon  this  subject. 

Mineral  land  of  this  type  is  also  well  adapted  to  serve  for  purposes  of 
Ulustration  in  discussing  the  general  principles  that  demand  recognition 
in  l^islative  reform.  Most  of  the  issues  involv^ed  in  the  consideration  of 
oil-land  legislation  are  clean-cut,  and  essential  di£ferences  of  opinion  will 
be  seen  to  be  based  upon  radical  divergence  in  economic  theory  rather 
than  upon  conflicting  views  concerning  unimportant  details. 

For  the  last  five  years  or  more  the  geologists  of  the  Federal  Survey 
have  discussed  this  subject  and  prepared  memorandums  and  reports  on 
the  various  bills  introduced  in  Congress.  Most  of  the  provisions  sug- 
gested in  the  present  outline  have  been  under  consideration  at  one.time 
or  another  during  that  period,  and  many  of  the  statements  which  follow 
can  be  said  to  represent  the  consensus  of  opinion  among  those  of  us  who, 
both  in  the  field  and  in  the  ofiSce,  have  given  special  attention  to  the  public 
oil  lands. 
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Purpose 

Stated  concisely,  the  purpose  of  an  oil-land  law  should  be  to  promote 
development,  with  the  aim  of  insuring  the  highest  percentage  of  extrac- 
tion at  the  lowest  cost  to  the  consumer,  and  during  the  longest  period 
consistent  with  fully  meeting  market  demands.  This  is  a  somewhat 
complex  ideal,  in  that  it  includes  full  recovery,  minimum  costs,  and 
production  responsive  to  the  market;  yet  these  are  the  practical  ends  to 
be  desired  by  operator  and  public  alike. 

Except  in  the  special  case  of  certain  limited  areas,  now  selected  from 
the  larger  reserves  which  were  originally  set  apart  for  the  Federal  purpose 
of  insuring  a  future  oil  supply  for  the  use  of  the  American  navy,  there 
should  be  no  idea  of  reservation  of  this  natural  resource  in  the  sense  of 
postponing  its  use.  We  know  that  the  present  generation  needs  fuel  oil, 
gasoline,  kerosene,  and  lubricating  oils.  On  the  other  hand,  there  should 
be  no  artificial  stimulation  or  encouragement  of  speculative  activity,  such 
as  will  lead  to  overproduction  and  waste;  for  we  may  expect  that  other 
generations  will  need,  and  will  make  good  use  of,  whatever  petroleum 
deposits  we  leave  undeveloped. 

An  oil-land  law  should  aim  to  permit  full  regulation  of  development 
rather  than  to  provide  large  revenues.  Not  profit  but  control  is  the  pri- 
mary purpose;  and  the  beneficiary  of  wise  legislation  is  to  be  the  public 
in  its  capacity  as  consumer  rather  than  as  taxpayer.  With  low  prices 
as  the  desired  end,  and  low  costs  as  the  necessary  means,  caution  should 
be  exercised  not  to  saddle  upon  the  development  any  conditions  or  terms 
of  land  tenure  that  will  involve  unnecessary  burdens. 

To  meet  this  purpose  of  pubUc  control — control  only  as  a  means,  not 
an  end  in  itself — the  leasing  system  is  pre-eminently  the  logical  one;  and 
its  applicability  to  the  oil  lands  remaining  in  public  ownership  is  not  a 
matter  of  theory;  for  the  traveler  in  the  California  oil  fields  needs  only 
to  look  in  any  direction  from  the  withdrawn  areas  to  see  adjacent  lands 
to  which  the  government  has  granted  patent  being  operated  under 
leasehold.  There  is  no  possible  difference  in  either  theory  or  practice 
between  leasing  public  oil  lands  and  leasing  private  oil  lands,  except  that 
in  the  former  case  the  public  shares  in  the  profit  as  landowner,  and  should 
also  write  into  the  lease  conditions  that  are  favorable  to  successful  develop- 
ment and  that  therefore  permit  prices  satisfactory  to  the  consumer.  In 
the  long  run,  low  costs  can  come  only  through  successful  operation;  and, 
to  be  successful,  oil  production,  like  other  business  ventures,  needs  to  be 
attractive  to  the  highest  type  of  operating  skill,  backed  by  not  over-timid 
capital.  Thus  fair  profits  to  operator  and  just  prices  to  consumer  are 
far  from  being  antagonistic  elements  in  the  proposition,  but  on  the  con- 
trary are  essential  to  the  ideal  results  sought.  Some  of  the  conditions 
favorable  to  safe  and  economic  development  will  now  be  discussed. 
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Conditions  Promoting  Development 

First,  any  oil-land  law,  whether  providing  for  disposal  of  the  land  by 
sale  or  of  the  deposit  by  lease,  should  contain  a  provision  granting  exclu- 
sive occupancy  for  purposes  of  exploration.  Prospecting  for  oil  involves 
large  expenditures;  and  the  inherent  defect  of  the  old  placer  law,  when 
applied  to  oil  land,  was  this  absence  of  protection  prior  to  discovery. 
The  area  necessary  to  encourage  this  expensive  exploration  and  the  period 
essential  to  its  accomplishment  are  details  to  be  determined,  with  the 
recognition  that  geographic  and  geologic  differences  exist  which  render 
advisable  some  latitude  in  administering  different  fields,  so  that  a  maxi- 
mum area  is  all  that  should  be  fixed  by  law.  There  should  be  kept  in 
mind  also  the  need  on  the  one  hand  of  enforcing  purposeful  endeavor  and 
yet  on  the  other  of  avoiding  any  requirement  of  non-productive  "assess- 
ment work."  The  prospecting  permits  would  terminate  by  forfeiture 
because  of  inadequate  prosecution  of  development  work  or  by  failure  to 
discover  oil  within  the  statutory  period,  or,  in  the  case  of  discovery  before 
its  expiration,  the  permit  would  ripen  into  a  lease. 

The  area  to  be  covered  by  the  lease  must  necessarily  be  the  whole  or 
a  part  of  that  included  under  the  preceding  permit,  the  granting  of  the 
larger  area  being  possibly  a  wise  method  of  rewarding  a  discovery  of  the 
"wildcat"  type.  The  period  of  the  lease  could  be  indeterminate,  the 
life  of  the  pool  furnishing  the  natural  limitation  upon  the  period  of 
operation.  Requirements  of  drilling  should  be  liberal  enough  to  provide 
little  more  than  what  would  constitute  the  natural  response  to  market 
conditions.  A  more  stringent  requirement,  however,  should  be  that  of 
compliance  with  all  waste  and  water  regulations  imposed  under  the  police 
power  of  the  State. 

Terms  of  Leaee 

Recognition  by  the  lawmaker  of  the  existence  of  large  geologic  and 
commercial  differences  in  oil  fields  should  lead  him  to  fix  the  rate  of 
royalty  only  within  wide  limits,  or  leave  it  wholly  to  executive  discretion. 
Further,  as  market  prices  and  operation  costs  may  both  be  expected  to 
chmige,  provision  needs  to  be  made  for  a  varying  royalty  rate.  Thus, 
with  the  declining  3rield  of  any  particular  pool,  unless  there  should  be  a 
corresponding  increase  in  price,  the  point  would  be  reached  when  the 
margin  between  cost  and  receipts  would  disappear,  even  before  the  wells 
ceased  to  yield  oil,  so  that  further  operation  would  require  a  reduction  in 
royalty  rate.  This  type  of  a  sliding  royalty  would  permit  the  largest 
possible  ultimate  yield. 

Even  though  not  fixed  for  the  purpose  of  revenue,  the  royalty  rates 
in  the  developed  fields  would  approximate  those  fixed  by  private  lessors, 
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80  that  the  returns  from  public  oil-land  leases  might  be  large,  and  could 
well  be  divided  between  National  and  State  treasuries. 


Prevention  of  Monopoly 

The  primary  purpose  of  low  cost  to  the  consumer  may  not  be  attained 
by  simply  keeping  down  production  cost,  unless  some  measure  of  safe- 
guard is  provided  against  the  possible  results  of  monopoly.  Agreements 
between  operators  either  to  restrict  production  or  to  raise  prices  may  be 
prevented  in  two  ways  imder  leasehold.  Transfer  of  lease  should  be 
conditioned  upon  the  approval  of  the  Secretary  of  the  Interior,  and  an 
anti-combination  proviso  in  the  lease  should  carry  the  penalty  of  immedi- 
ate forfeiture  of  the  lease,  allowing,  however,  the  opportunity  of  a  court 
appeal,  the  government  to  be  secured  by  bond  for  the  full  value  of  the  oil 
produced  during  the  period  covered  by  the  litigation. 

Another  condition  in  the  lease  that  might  be  thought  to  possess  a 
beneficial  influence  on  prices  would  be,  with  the  royalty  under  an  oil 
lease  in  theory  a  royalty  in  kind,  the  reservation  to  the  lessor  of  an  option 
to  take  the  oil  itself  rather  than  its  equivalent  at  market  prices.  If  a 
large  acreage  of  public  oil  land  were  operated  under  le^se,  the  govern- 
ment iteelf  might  thus  be  one  of  the  larger  possible  factors  in  the 
market  and  exercise  a  positive  influence  in  keeping  prices  expressive  of 
true  conditions  of  production  rather  than  of  a  manipulated  market. 
At  least,  if  the  government  could  not  thus  protect  the  general  public,  it 
would  insure  its  own  supply  for  Federal  use. 

Risumi 

An  oil-land  law  should  provide  for  exploration  under  a  permit  which 
fully  protects  the  prospector,  and  for  operation  under  a  lease  which 
favors  the  operator  by  a  reasonable  royalty  adjustable  to  actual  condi- 
tions, and  by  provisions  which  permit  low  costs  but  prevent  the  imposi- 
tion of  imduly  high  prices  on  the  consumer. 


Discussion 

Eugene  Coste,  Toronto,  Canada. — I  am  interested  in  what  Dr. 
Smith  has  said,  and  in  the  fact  that  you  are  working  earnestly  in  the 
United  States  toward  a  good  oil-land  law,  which  is  certainly  very  much 
needed.  Nothing  could  foster  the  oil  industry  in  those  parts  controlled 
by  the  Federal  government  more  than  a  good  law. 
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I  would  like  to  make  one  or  two  objections,  if  I  may  call  them  so, 
to  Dr.  Smith's  statements.  He  is,  I  think,  in  favor  of  misJcing  a  too- 
complicated  law.  I  would  prefer  a  simple  law,  rather  than  one  that  is 
complicated,  even  though  it  is  not  so  good.  The  fact  of  its  simplicity 
makes  up  for  its  imperfections.  I  do  not  see  the  use  or  necessity  of  first 
issuing  a  permit  to  prospect  oil  lands  and  then  afterward  a  lease.  You 
cannot  explore  oil  land,  except  in  the  one  way,  by  drilling  wells,  and  there- 
fore I  think  it  would  be  better  for  everybody  concerned  if  the  law  were 
such  that  an  applicant  could  get  his  final  lease  promptly  without  going 
through  the  form  of  getting  a  permit  first,  the  lease  for  which  land  may 
not  be  issued  later.  You  cannot  expect  any  one  to  spend  much  money 
on  simply  a  prospecting  permit,  his  title  not  being  sufficiently  secured. 

I  will  cite  an  instance  of  that.  In  Canada  we  have  regulations; 
not  law  regulating  Federal  land,  but  Orders  in  Council;  that  is,  the  govern- 
ment makes  certain  regulations,  called  in  this  case  ''Petroleum  Regu- 
lations." Up  to  a  short  time  ago  an  applicant  could  tender  $5,  and  he 
could  hold  up  1,920  acres  of  land  for  one  month.  During  that  month 
he  had  to  pay  25c.  an  acre,  and  then  he  would  get  his  lease.  A  lot  of 
speculators  took  advantage  of  that  provision,  and  paid  $5,  never  intend- 
ing to  pay  the  25c.  an  acre,  just  to  have  a  sort  of  a  title  for  one  month, 
and  they  would  hold  up  the  bona  fide  oil  men  who  wanted  to  get  the  land 
for  drilling.  Thousands  upon  thousands  of  acres  were  plastered  in 
that  way. 

The  Interior  Department  got  into  such  a  tangle  that  they  finally 
saw  the  point  which  I  had  brought  to  their  attention  vainly  years  before, 
and  they  now  have  changed  the  regulations;  now  you  must  pay 
25c.  an  acre  at  the  time  you  make  your  application  for  the  land,  and 
this  payment  insures  one  an  absolute  title  for  21  years,  and  is  renewable 
for  another  21  years,  provided,  of  course,  one  meets  the  other  obligations 
of  the  lease.  There  is  no  doubt  that  this  new  regulation,  which  insures 
one  a  good  title  lease  right  in  the  start,  and  which  will  prevent  the  specu- 
lator from  coming  in  and  holding  up  oil  lands,  will  be  much  to  the  benefit 
of  the  bona  fide  operator  who  intends  to  spend  thousands  of  dollars  on 
his  lease.  All  he  wants  is  to  get  a  simple  but  safe  title,  with  no  pro- 
visions left  to  the  administrative  officers  to  decide  whether  he  will  be  per- 
mitted  to  go  on  after  spending  much  time  and  money.  Law  is  made  by 
Congress  here,  and  I  should  have  no  such  matters  left  to  the  discretion 
of  departmental  or  governmental  officers;  and  anything  that  arises  in 
the  way  of  dispute  should  be  settled  by  judges  in  the  courts. 

While  this  is  true,  the  law  should  incorporate  all  the  safeguards 
possible.  And  whether  there  should  be  a  royalty  or  a  rent  paid,  it  matters 
not.  It  works  well  both  ways,  and  makes  very  little  diflference.  But 
there  should  be  a  strong  condition  of  drilling,  so  that  there  would  be  no 
mere  speculation.    In  Canada  the  government  remits  the  second  and 
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third  years'  rentals,  which  are  50c.  an  acre,  on  proof  that  more  money  than 
the  rentals  due  has  been  spent  in  drilling.  There  is  no  royalty;  on  the 
contrary,  the  government  is  offering  a  bounty.  The  remittance  of  the 
second  and  third  years'  rentals,  if  you  can  show  that  your  expenditures 
have  at  least  equaled  these  rentals  in  the  work  of  actual  drilling,  is  a 
good  provision,  as  it  lets  you  put  your  money  into  wells,  which  are,  of 
course,  the  ultimate  source  of  all  wealth  in  oil  fields.  Besides  there  is 
a  compulsory  provision  in  the  leases  that  you  must  be  drilling  a  well  on 
every  three  sections  after  15  months  from  the  date  of  the  lease. 

David  T.  Day,  Washington,  D.  C. — I  want  to  ask  one  question  of 
Mr.  Coste.  In  this  country  we  are  becoming  embarrassed  by  the 
foreign  ownership  of  American  oil  lands,  and  it  is  generally  understood 
that  some  protection  is  being  arranged  in  the  disposal  of  Canadian  land 
by  regulation  or  by  law.     I  would  like  to  hear  something  on  that  point. 

• 

Eugene  Costb. — 'The  changes  made  in  that  respect  are  so  recent 
that  I  am  not  quite  certain  of  their  purport.  But  I  think  the  onl)' 
change  that  has  been  made  lately  is  that  there  are  provisions  that  the 
Board  of  Directors  of  a  company  acquiring  oil  lands  from  the  government 
should  have  a  majority  of  their  members  residing  in  Canada,  and  a  few 
matters  of  that  kind.  In  the  recent  regulations  the  majority  of  the 
Board  of  Directors  must  even  be  Canadians  or  Englishmen.  A  similar 
provision  was  already  in  the  laws  of  the  Province  of  Ontario.  While 
I  am  speaking  about  oil  laws  and  mining  laws  I  might  remark  that  in 
Canada  we  are  in  about  the  same  fix  as  you  are  here  in  regard  to  our 
mining  laws.  That  is,  I  mean  the  Federal  laws.  We  have  had  good  laws 
in  the  Province  of  Ontario  and  the  older  Provinces,  but  in  Saskatchewan, 
Alberta,  Manitoba,  and  the  Northwestern  Provinces,  which  are  still 
under  Federal  law,  we  have  as  yet  no  mining  law,  and  we  have  only 
regulations  by  Order  in  Council.  That  has  been  most  detrimental  to 
the  industry,  and  very  hard  on  mining  men,  as  these  regulations  are 
made  by  a  clerk  in  the  office  of  the  Department  of  the  Interior  who 
knows  nothing  about  mining  and  are  then  passed  on  through  the 
Minister  of  the  Interior  to  the  Council,  and  the  result  is  that  you  have 
something  that  is  absolutely  ludicrous,  just  like  the  provision  mentioned 
above  where  by  paying  $5  one  could  get  1,920  acres  of  land  from  the 
government,  and  hold  it  for  a  month,  and  after  that  month  lapsed  he 
could  pay  another  $5  and  hold  another  1,920  acres  for  another  month. 
Then  five  or  ten  people  could  get  together  and  hold  these  lands  from 
month  to  month  simply  by  paying  $5  a  month  for  each  1,920  acres. 
Some  definite,  clear  and  simple  title  lease  for  the  bona  fide  applicant  who 
really  wants  to  go  to  work,  at  so  much  an  acre,  with  drilling  provisions, 
is  all  that  is  wanted.  But  for  these  operators  the  title  should  be  ab- 
solute, without  any  possibility  of  impeachment.  If  I  had  my  way  the 
leases  issued  would  be  only  a  half  page  in  length,  giving  the  applicant 
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title,  absolute  title,  and  requiring  from  him  so  much  rental  per  acre, 
and  so  much  work  in  drilling,  and  that  is  all. 

Hennen  Jennings,  Washington,  D.  C. — I  think  Mr.  Smith  was  with 
us  yesterday  when  we  discussed  mining  laws,  and  the  confusion  and  un* 
certainty  that  have  arisen  in  connection  with  the  laws  of  the  apex.  I 
think  unintentionally  he  is  putting  elements  of  uncertainty  in  these 
suggestions  which  may  develop  troubles  akin  to  those  which  were 
discussed  yesterday. 

I  am  entirely  i^mpathetic  with  a  lease  that  is  in  the  nature  of  a 
practical  ownership,  that  people  can  rely  upon.  But  I  do  not  believe 
in  backing  and  filling  or  giving  the  government  any  power  to  back  and 
fill  in  dealing  with  people  who  start  to  develop  a  large  enterprise.  You 
should  make  up  your  mind  as  to  what  the  government  is  willing  to  do 
at  the  start  in  a  given  locality;  and  if  you  want  a  lease  system,  make  it 
fixed  and  determined,  and  not  leave  it  to  the  discretion  and  periodic 
adjustment  of  officials;  it  was  shown  yesterday  in  our  discussion,  that 
even  with  honesty  of  purpose  and  ability  the  scientific  opinions  of  men 
vary  as  knowledge  increases  and  facts  accumulate. 

I  entirely  agree  with  the  fundamental  aim  set  forth  by  Mr .  Smith, 
that  the  consumer  should  obtain  the  oil  at  a  minimum  price,  but  with 
minimum  waste. 

The  gentleman  who  has  just  spoken  [Dr.  Coste]  of  the  Canadian 
practice  seems  to  be  perfectly  sound  in  his  recommendations,  and 
they  are  in  accordance  with  the  practice  which  I  have  been  accustomed 
to  see  work  most  satisfactorily  on  a  large  scale  in  South  Africa.  The 
leasing  system  of  the  gold  mines  in  South  Africa  is  a  definite  thing. 
You  know  your  rights  and  risks  from  the  start  and  your  lease  is  n^oti- 
able.  You  are  prevented  from  tying  up  land  for  speculative  purposes 
by  a  definite  fixed  monthly  charge  per  claim  area.  The  area  under 
exploitation  pays  a  higher  license  than  the  ground  unworked,  but  this 
has  a  lease  tax  that  makes  it  a  burden  and  detriment  to  hold  unless 
provision  is  being  made  for  its  early  exploitation.  Why  is  not  a  similar 
system  possible  and  desirable  in  petroleum  leases?  Make  the  area 
of  holding  generous,  but  with  constant  fixed,  unalterable  term  payments 
for  all  ground  held,  whether  worked  or  not,  and  with  a  definite  but  not 
excessive  royalty  per  barrel  for  all  oil  extracted.  The  royalty  might 
vary  for  each  district,  but  when  once  fixed  it  should  not  be  changed. 

I  will  not  go  further  into  detail,  but  I  will  ask  Mr.  Smith  to  consider 
the  possibility  of  amending  his  suggestions  to  meet  some  of  the  views 
which  have  been  expressed. 

George  Otis  Smith. — With  regard  to  the  suggestion  by  Dr.  Coste 
and  also  the  suggestion  from  Mr.  Jennings,  I  agree  that  we  should  have 
a  simple  law  which  should  lead  to  a  simplified  contract.  I  have  sug- 
gested a  law  that  in  certain  terms  might  vary  with  different  conditions. 
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I  have  not  suggested  a  contract  which  would  vary  after  the  contract  was 
entered  into;  except  that  I  have  suggested  a  sliding  scale  of  royalty  in 
order  to  protect,  not  the  government  but  the  operator. 

It  would  be  a  sliding  downward  scale,  in  order  to  continue  operation 
under  more  favorable  circumstances,  rather  than  to  force  the  stoppage 
of  oil  production  because  it  would  not  pay  the  cost  of  production  plus 
the  royalty,  as  fixed  in  the  contract.  I  do  not  believe  there  is  any 
suggestion  made  in  Washington  to  have  anything  less  definite  than  the 
ordinary  contract  which  is  made  in  business. 

I  absolutely  agree  with  Mr.  Jennings.  I  said  in  my  paper  yesterday 
that  any  uncertainty  involves  an  unnecessary  expense  in  operation  and 
financing,  and  therefore  it  should  be  avoided.  The  reason  for  having 
a  permit,  and  having  it  followed  by  a  deed,  is  because  a  prospecting 
permit  should  be  for  a  larger  acreage  than  that  which  is  to  be  written 
into  a  lease. 

The  suggestion  under  consideration  by  the  Secretary"of  the  Interior, 
andby  the  Chairmen  of  the  two  Congressional  Committees,  referred  to  by 
Senator  Walsh  in  yesterday's  session,  is  to  provide  a  permit  for  an  area 
which  will  be  four  times  the  grant  to  the  successful  prospector.  In 
other  words,  if  you  take  640  acres  under  a  permit,  you  will  receive  in 
fee  simple  title  to  160  acres;  the  remaining  three-quarters  of  the  square 
mile  being  available  for  leases  under  definite  terms,  fixed  by  the 
government,  by  or  before  the  time  of  the  lease. 

Under  those  conditions  I  think  it  is  necessary  to  have  a  permit  as 
'Well  as  the  later  granting  of  title,  both  in  fee  simple  and  on  a  leasehold. 
I  say  so  because  it  is  more  favorable  to  the  prospector.  I  think 
that  with  the  government  as  the  lessor  it  will  work  out  better  than  with 
a  lease  from  a  private  individual. 

I  have  faith  in  the  integrity  and  the  sincerity  of  government  officials, 
as  ordinary  American  citizens.  I  will  say  further  that  I  believe  the  oil 
men  of  California  have  as  much  confidence  in  government  officials  as 
they  have  in  some  of  the  landlords  who  have  secured  title  from  the 
government  simply  to  impose  heurd  conditions  on  the  real  oil  men  who 
operate  under  leases  secured  from  oil  men  who  are  not  producing  oil 
men. 
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The  Placer  Law  as  Applied  to  Petroleum 

BT  MAX  W.  BALL,*  WASmNQTOK,  D.  C. 

(New  York  Meeting,  February.  1914) 

An  intelligent  discussion  of  the  oil  situation  and  its  needs,  whether 
from  the  standpoint  of  the  prospector,  the  operator,  the  engineer,  or  the 
public  administrative  officer,  must  be  founded  upon  a  knowledge  of  the 
law  under  which  oil  lands  are  obtained.  A  consideration  of  new  legislar 
tion  must  be  prefaced  by  an  understanding  of  the  present  law  and  its 
results.  This  paper  undertakes  to  present  no  new  remedy  for  the  ills 
of  the  present  situation,  no  new  solution  of  the  problems  the  oil  business 
is  facing.  It  attempts  merely  to  summarize  the  present  law,  its  provi- 
sions, its  origin,  its  development,  and  its  efifects.  The  discussion  does 
not  pretend  to  be  exhaustive  from  a  l^al  standpoint.  It  aims  to  avoid 
l^al  intricacies  which  tend  to  confuse  rather  than  clarify.  It  seeks  but 
to  present  the  essentials  of  the  existing  situation. 

The  title  to  government  lands  known  to  contain  valuable  deposits  of 
petroleum  may  be  acquired  only  under  the  terms  of  the  placer  law  as 
embodied  in  Section  2329  et  seq,  of  the  Revised  Statutes.  As  a  prelim- 
inary to  considering  the  desirability  of  this  situation  it  is  profitable  to 
examine  into  its  origin. 

Origin  of  the  Law 

Congress  has  left  no  room  for  doubt  as  to  the  legal  applicability  of  the 
placer  law  to  oil  lands.    The  Act  of  Feb.  11, 1897  (29  Stat.,  526),  provides: 

"  that  any  person  authorised  to  enter  lands  under  the  mining  laws  of  the  United  States 
may  enter  and  obtain  patent  to  land  containing  petroleum  or  other  mineral  oils,  and 
chiefly  valuable  therefor,  under  the  provisions  of  the  laws  relating  to  placer  mineral 
claims." 

The  immediate  cause  for  the  passage  of  this  Act  was  stated  in  a  brief 
report  in  the  House  of  Representatives  (there  was  no  debate  in  the 
Senate)  to  be  a  decision  of  the  Department  rendered  Aug.  27,  1896 
(Union  Oil  Co.,  23  L.  D.,  223),  directing  the  cancellation  of  an  oil  placer 
entry  on  the  ground  that  land  containing  petroleum  cannot  be  located 
and  entered  as  a  placer  mine.  The  report  of  the  Public  Lands  Committee 
of  the  House  contains  the  following  interesting  statements  {Congressional 
Record,  vol.  xxix,  p.  1409) : 

*  Chairman  Oil  Board,  U.  S.  Geological  Survey.    Non-member. 
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"The  Committee  on  the  Public  Lands,  having  had  under  consideration  House  bill 
9983,  report  the  same  back  with  the  recommendation  th&t  it  do  pass. 

'*  Public  lands  containing  petroleum  and  other  mineral  oils  have  been  held  and 
patented  under  the  placer  mining  acts  of  the  United  States  for  m'any  years  past .    .    . 

"Under  these  rulings  and  in  view  of  the  uniform  practice  of  the  Land  Department 
for  many  years,  considerable  quantities  of  lands  have  been  filed  upon,  held,  and 
improved  for  the  purpose  of  developing  oils  in  various  of  the  public-land  States,  and  in 
many  instances  large  sums  of  money  have  been  expended  in  such  development. 

"Under  a  decision  of  the  Secretary  of  the  Interior,  dated  August  27,  1896,  in  the 
case  of  mineral  entry  No.  140,  Los  Angeles  district,  CaUfomia,  the  Secretary  held 
that  lands  containing  oils  could  not  be  patented  under  the  placer-mining  acts,  for  the 
reason  that  the  acts  did  not  originally  contemplate  the  extension  of  their  provisions  to 
lands  of  this  character.  It  has  never  been  held  by  any  authority  that  the  provisions  of 
the  placer  acts  were  not  adequate  to  meet  the  conditions  surroimding  the  development 
of  mineral  oils.  The  effect  of  the  above-cited  decision  of  August  27,  1896,  is  to  pre- 
clude the  possibility  of  obtaining  title  to  lands  containing  oils,  and  as  there  are  large 
areas  of  such  lands  in  various  of  the  public-land  States,  and  as  upon  these  lands  in 
many  instances  large  expenditures  have  already  been  made,  and  as  it  is  manifestly  for 
the  public  good  that  there  should  be  some  provision  whereby  these  lands  may  be  held 
and  patented,  the  committee  believe  this  biU  should  pass." 

Secretary  Hoke  Smith,  in  the  Union  Oil  Co.  decision  of  Aug.  27,  1896, 
to  which  the  committee  refers,  is  by  no  means  so  convincing  as  is  the  report 
just  quoted  as  to  the  previous  practice  of  the  Department.  He  states, 
with  regard  to  the  extension  of  the  placer  Act  to  cover  petroleum  (23 
L.  D.,  228) : 

**  But  the  subject  has  been,  indirectly  at  least,  before  the  Department  several  times, 
and  while  it  has  never  been  definitely  decided,  so  far  as  I  can  ascertain,  yet  there  seems 
to  have  grown  up  the  idea  that  the  rule  prevails.  An  examination  of  the  cases,  how- 
ever, will  demonstrate  the  fact,  I  think,  that  there  is  no  precedent  for  such  belief." 

After  considering  the  various  cases  theretofore  decided  bearing  more 
or  less  directly  upon  the  question,  he  concludes: 

"I  am  unable  to  agree  that  it  falls  within  the  contemplation  of  the  mineral  laws, 
and  that  it  may  be  located  and  entered  as  a  placer  mine." 

A  reading  of  the  cases  cited  by  Secretary  Smith  shows  that  the  specific 
question  of  whether  or  not  petroleimi-bearing  lands  are  properly  enterable 
under  the  placer  Act  was  in  no  case  definitely  and  squarely  decided, 
although  some  of  the  cases,  and  particularly  that  of  the  Piru  Oil  Co. 
(16  L.  D.,  117),  imply  that  such  entry  might  with  propriety  be  made. 
A  letter  by  Secretary  Bliss  to  the  Commissioner  of  the  Land  OflSce  under 
date  of  Nov.  6,  1897,  reviewing  the  Union  Coal  Co.  case  (25  L.  D.,  351), 
explains  this  dearth  of  specific  decisions  on  the  point  as  follows  (p.  354) : 

"  From  an  examination  of  the  records  of  your  office,  which  I  have  caused  to  be  made, 
it  is  ascertained  that  ever  since  the  circular  of  July  15, 1873,  until  the  date  of  the  deci- 
sion complained  of,  the  practice  of  allowing  entry  and  patent  for  lands  chiefly  valuable 
for  their  deposits  of  petroleum,  under  the  law  and  regulations  relating  to  placer  claims, 
has  been  continuous  and  uniform.    Under  this  practice  a  large  number  of  patents  have 
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been  issued,  and  very  large  and  valuable  property  interests  have  been  acquired.  Until 
the  decision  in  this  case,  the  correctness  of  the  practice  does  not  appear  to  have  been 
questioned,  and  for  that  reason  no  case  distinctly  presenting  such  a  question  ever 
reached  this  Department." 

It  is  interesting  to  note  that  as  early  as  Mar.  17,  1865,  the  Commis- 
sioner of  the  General  Land  Office  wrote,  in  response  to  an  inquiry  by  the 
local  land  officers  at  Humboldt,  Cal. : 

"It  is  not  the  policy  of  the  Government  to  deal  with  petroleum  tracts  as  ordinary 
public  lands,  any  more'than  with  auriferous  or  other  mineral  or  saUne  lands.  Hence, 
you  will  report  the  exact  description  of  any  and  all  tracts  strictly  of  the  character  you 
mention,  and  will  withhold  the  same  from  disposal  by  the  Government,  unless  other- 
wise specially  instructed." 

The  history  of  the  matter  in  reality  begins  with  the  discovery  of  gold 
in  California  in  1848.  Prior  to  that  time,  and  for  many  years  thereafter, 
there  was  no  law  providing  for  the  acquisition  of  title  to  mineral  lands  on 
the  public  domain,  with  the  exception  of  special  Acts  providing  for  the 
sale  of  lands  in  the  middle  West  valuable  for  ores  of  the  baser  metals. 
The  development  in  California  and  adjacent  parts  of  Nevada  of  a  mining 
industry  involving  a  large  and  heterogeneous  population  necessitated 
some  code  of  rules  to  govern  and  guide  the  vast  and  intense  mining  activ- 
ities. The  Federal  government  failing  to  provide  such  a  code,  and  there 
being  no  State  or  Territorial  government,  the  miners  of  the  various 
districts  formulated  and  enforced,  with  greater  or  less  definiteness  and 
rigidity,  local  rules  founded  on  the  customs  which  had  grown  up  by  com- 
mon consent  in  the  interest  of  justice  and  fair  play.  These  local  regu- 
lations obviously  could  not  provide  for  acquiring  title  from  the  United 
States,  but  they  did  prescribe  the  size  of  the  claim,  the  method  of  locating 
and  marking  it,  and  the  amount  of  assessment  work  necessary  to  hold  it. 
The  common  underlying  theory  of  these  local  rules  in  all  the  districts  was 
that  discovery  of  mineral  is  the  one  fundamental  prerequisite  to  the  estab- 
lishment of  a  right  or  title.  After  the  State  of  California  was  admitted 
to  the  Union  both  the  legislature  and  Congress  recognized  the  local 
codes  as  governing  when  not  in  conflict  with  the  statutes  or  laws  of  the 
State.  Recognition  of  the  district  rules  was  also  accorded  by  the  Federal 
courts  and  by  the  Land  Department  (Lindley  on  Miiles,  pp.  72  and  73, 
cases  cited  in  footnotes). 

It  was  not  until  July  26,  1866,  that  a  Federal  law  was  passed  govern- 
ing the  mining  industry  of  the  public  domain.  This  Act  (14  Stat.,  251) 
recognized  and  continued  the  local  codes  so  far  as  not  in  conflict  with  the 
laws  of  the  United  States,  and  provided  for  the  granting  of  title  in  fee 
to  veins  or  lodes  of  quartz,  or  other  rock  in  place,  bearing  gold,  silver, 
cinnabar^  or  copper.  Strangely  enough,  the  Act  of  1866  made  no  pro- 
vision for  the  acquisition  of  title  to  placer  claims,  and  to  remedy  this 
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omission  Congress  passed  the  so-called  placer  Act  of  July  9,    1870 
(16  Stat.,  217),  amending  the  Act  of  1866  by  providing: 

''That  claims  usually  called  'placers '  including  all  forms  of  deposit  excepting  veins 
of  quarts,  or  other  rock  in  place,  shall  be  subject  to  entry  and  patent  under  this  act, 
under  like  drcumstanoes  and  conditions,  and  upon  similar  proceedings  as  are  provided 
for  vein  or  lode  daims;  ..." 

The  lode  law  of  1866  was  replaced  by  the  general  mining  Act  of  May 
10,  1872  (17  Stat.,  91),  which  modified  the  procedure  necessary  to  obtain 
patent  to  lode  claims,  emphasized  the  necessity  of  discovery  as  a  pre- 
requisite to  location,  and  provided  that  the  Act  of  July  9, 1870,  should 
remain  in  force  except  as  modified  by  the  changes  made  in  the  lode  law. 
Section  10  of  the  Act  is  in  part  as  follows: 

''That  the  act  entitled  'An  act  to  amend  an  act  granting  the  right  of  way  to  ditch 
and  canal  owners  over  the  public  lands,  and  for  other  purposes,^  approved  July  ninth, 
eighteen  hundred  and  seventy,  shall  be  and  remain  in  full  force,  except  as  to  the  pro- 
ceedings to  obtain  a  patent,  which  shall  be  similar  to  the  proceedings  prescribed  by 
Sections  6  and  7  of  this  act  for  obtaining  patents  to  vein  or  lode  claims." 

The  Acts  of  1872  and  of  1870  were  incorporated  into  the  Revised 
Statutes  and  are  the  mining  law  of  the  present  day.  Thus  Section 
2329  provides: 

"Claims  usually  called  'placers,'  including  all  forms  of  deposit,  excepting  veins  of 
quartz,  or  other  rock  in  place,  shall  be  subject  to  entry  and  patent,  under  like  circum- 
stances and  conditions,  and  upon  similar  proceedings,  as  are  provided  for  vein  or  lode 
claims;  but  where  the  lands  have  been  previously  surveyed  by  the  United  States,  the 
entry  in  its  exterior  limits  shall  conform  to  the  legal  subdivisions  of  the  public  land." 

The  language  of  this  section  and  of  the  Act  of  1870,  from  which  it 
was  taken,  is  sufficiently  comprehensive  to  cover  all  the  minerals  known, 
or  ever  to  become  known,  to  man.  There  is,  however,  nothing  in  the 
debates  in  Congress  to  indicate  that  the  sweeping  words  ''all  forms  of 
deposit''  were  adopted  with  the  intention  of  including  minerals  not 
then  important  but  later  to  become  so.  The  debates  in  both  houses  of 
Congress  indicate  that  the  placer  Act  was  passed  for  the  purpose  of  grant- 
ing title  to  the  gold-placer  claims  of  the  far  West,  and  that  the  all-in- 
clusive wording  was  adopted  as  the  easiest  way  to  distinguish  these 
claims  from  so-called  quartz  claims.  It  was  the  result  not  of  a  far- 
sighted  attempt  to  include  other  minerals  which  might  later  become  of 
importance,  but  of  a  failure  to  foresee  or  to  consider  the  possibility  that 
such  minerals  might  be  discovered  and  be  included  within  the  all-em- 
bracing language.  The  speeches  by  Senator  Stewart,  of  Nevada,  who 
piloted  the  bill  through  the  Senate,  and  by  Mr.  Sargent,  of  California, 
who  introduced  it  in  the  House,  embody  the  only  reasons  advanced  on 
the  floor  of  Congress  for  the  passage  of  the  Act,  Senator  Stewart  thus 
stating  its  object  {Congressional  Globe,  41st  Congress,  2d  session^  p.  3054, 
vol.  xci) : 
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"The  act  (of  1866)  proposed  to  extend  the  prmoqple  of  the  preemptioii  laws  to 
quarts  veina.  I  wish  to  say  to  the  Senate  that  the  act  has  been  in  ox)eration  now  four 
years^  and  so  far  as  quarts  veins  are  oonoemed  it  has  proved  very  beneficial.  The  pur- 
pose of  this  bill  is  to  extend  it  to  placer  mines.^  There  was  a  difficulty  at  that  time  in 
extending  it  to  placer  mines,  so  as  to  give  homes  to  those  who  have  worked  at  the 
diggings  of  the  foothills  of  California  and  elsewhere  where  there  were  placer  mines. 
They  got  no  title,  and  they  cannot  prosper  for  that  reason.  They  have  got  little 
orchards  and  little  homes,  and  we  want  them  to  get  title  to  their  property.  They  have 
a  placer  mine  where  they  can  work  a  little  in  the  winter,  perhaps  get  a  few  dollars  to 
keep  along,  and  then  they  have  a  little  orchard  and  they  want  one  hundred  and  sixty 
acres  of  this  land.  Now,  for  the  purpose  of  allowing  them  to  get  these  homes  the  bill 
extends  the  principle  of  preemption  to  these  worn-out  placer  diggings.  That  is  the 
object  of  the  bill." 

The  remarks  of  Mr.  Sargent  in  the  House  are  much  more  extensive 
than  those  of  Senator  Stewart  in  the  Senate,  and  dwell  at  length  upon 
the  situation  in  the  gold-placer  districts  in  California,  and  to  a  less  extent 
in  Colorado.  His  discussion  is  confined  to. the  gold  placers,  without 
reference  to  the  possibility  of  other  minerals,  and  this  constant  ref- 
erences to  the  manner  and  difficulty  of  finding  placer  gold  and  to  the 
desirability  of  granting  title  to  gold  deposits  only  emphasize  the  com- 
pleteness with  which  his  mmd  was  filled  with  the  thought  of  this  mineral, 
to  the  exclusion  of  all  others.  It  is  interesting  to  note  that  Mr.  Sargent's 
principal  argument  is  that  the  granting  of  title  to  placer  claims  would 
attach  the  migratory  miner  to  the  land,  and  would  give  a  permanence 
similar  to  that  of  agricultural  communities  to  the  mining  camps.  His 
attitude  is  only  feebly  indicated  by  the  following  quotations  from  his 
speech  of  Mar.  18,  1870  (Congressional  Globe,  41st  Congress,  2d  session, 
p.  2028,  vol.  xc) : 

"  In  July,  1866,  Congress  passed  a  law  by  which  the  holders  of  quarts  mining  daims 
oould  purchase  their  claims.  It  extended  the  principle  of  the  preemption  laws  and 
reoognized  the  possession  of  miners  so  far  as  quarts  mines  were  concerned.  .  .  .  The 
proposition  of  this  biU  is  to  extend  the  principles  of  that  act.  .  .  .  We  propose  by 
this  bill  to  allow  the  placer  miner  who  owns  a  limited  quantity  of  land  under  mining 
customs  to  come  before  the  land  office  and  make  proof  of  his  possession,  and  having  so 
done  to  the  satisfaction  of  the  Government,  and  shown  that  there  is  no  adverse  claim 
whatever,  that  then  he  shaU  pay  double  the  minimum  price  for  his  claim  and  have  a 
patent  for  it.  .    .    . 

**.  ,  .  The  efifect  of  it  wiU  be  that  our  mining  population  wiU  be  attached  to  the 
soil,  that  they  will  be  changed  from  the  nomadic,  wandering  character  which  they  now 
have  to  settled  communities." 

Although  Congress  so  evidently  had  in  mind  only  gold  placers,  the 
Land  Department  seemingly  had  no  hesitancy  in  applying  the  ap- 
parently comprehensive  language  to  other  minerals,  among  them  being 
oil-  On  July  15,  1873,  Commissioner  Drimimond  of  the  General  Land 
Office  issued  a  circular  in  which  he  stated  (Copp's  Mineral  LandSf  p.  61) : 

"That  whatever  is  recognized  as  a  mineral  by  the  standard  authorities  on  the  sub- 
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jeot  .   .   .  should  be  treated  by  this  office  as  coming  within  the  purview  of  the  mining 
act  of  May  10,  1872,  " 

and 

"That  lands  valuable  on  accoimt  of  borax,  carbonated  soda,  nitrate  of  soda,  sul- 
phur, alum,  and  asphalt,  as  well  as  'all  valuable  mineral  deposits,'  maybe  applied  for 
and  patented  under  the  provisions  of  the  mining  act  of  May  10,  1872." 

On  Jan.  30,  1875,  Commissioner  Burdett,  in  response  to  a  specific 
inquiry  as  to  whether  or  not  land  yielding  petroleum  might  be  patented 
under  the  mining  Acts,  wrote  (1  Copp's  Land  Owner,  179;  Sickles  Mining 
Laws,  491) : 

''Petroleum  daims  may  be  entered  and  patented  under  the  mining  act  of  May  10, 
1872,  upon  full  compliance  with  the  provisions  and  requirements  of  said  act." 

According  to  the  report  of  the  House  Public  Lands  Committee  already 
quoted  {Congressional  Record,  vol.  xxix,  p.  1409),  the  first  patent  to  an  oil 
claim  was  issued  Mar.  22,  1880,  for  mineral  entry  No.  18,  Los  Angeles 
district,  California.  Further  inquiries  appear,  however,  to  have  been 
raised,  for  under  date  of  Mar.  31,  1882,  Commissioner  McFarland 
expressed  himself  rather  emphatically  (9  Copp's  Land  Chvner,  51) : 

"Lands  containing  deposits  of  petroleum  have  been  entered  as  placers  and  patented 
as  such.  Your  inquiries  are  fully  answered,  therefore,  by  stating  that  lands  of  that 
character  are  subject  to  entry  and  disposal  acfcording  to  the  law  and  regulations  relat- 
ing to  placer  claims." 

It  will  be  noted  that  these  rulings  were  all  by  the  Land  Ofiice  and 
were,  therefore,  subject  to  review  by  the  Secretary  of  the  Interior.  Al- 
though the  Department  must  have  acquiesced  in  the  matter,  there  ap- 
pears to  be,  as  already  pointed  out,  no  case  in  which  the  Secretary  passed 
squarely  upon  the  question  until  the  adverse  decision  of  Aug.  27,  1896, 
which  resulted  in  the  Act  of  Feb.  11,  1897,  definitely  extending  the  placer 
law  to  oil  lands. 

Provisions  op  the  Law 

Having  thus  examined  into  the  origin  of  the  placer  law  and  its  applica- 
tion to  petroleum,  the  reasons  for  its  various  provisions  become  apparent. 

The  most  important  requirement  is  that  a  discovery  of  mineral 
must  be  made  before  possessory  rights  attach.  This  principle,  which, 
as  we  have  already  seen,  was  fundamental  in  the  miners'  codes,  was 
adopted  into  those  codes  from  the  Spanish  and  Mexican  law.  Section 
2329  of  the  Revised  Statutes  provides  for  placer  claims  "under  like 
circumstances  and  conditions  and  upon  similar  proceedings''  to  those  for 
lode  claims.  Section  2320  provides  that  "  no  location  of  a  mining  claim 
shall  be  made  until  the  discovery  of  a  vein  or  lode  within  the  limits  of 
the  claim  located." 

Lindley  summarizes  the  law  on  the  subject  as  follows  (Lindley  on 
Mines,  pp.  779  and  781) : 
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Disoovery  is  just  as  essential  in  case  of  plaoera  as  it  is  in  lode  locations.  The 
supreme  court  of  California  at  one  time  expressed  the  view  that  neither  the  federal 
laws  nor  the  local  rules  and  customs  of  miners  required  that  a  discovery  should  be  made 
as  a  prerequisite  to  a  placer  location,  but  this  is  obviously  a  mere  dictum;  it  is  also 
opposed  to  the  current  of  judicial  authority.  The  land  department  has  uniformly 
hrJd  that  disoovery  is  essential  in  the  case  of  placers,  going  so  far  at  one  time  as  to  hold 
that  such  discovery  was  essent^l  in  each  twenty-fluare  tract  within  a  location  of  one 
hundred  and  sixty  acres  located  by  an  association  of  persons. 

"  In  the  case  of  petroleum  deposits  the  courts  in  California  have  in  recent  years  been 
confronted  with  some  serious  problems  upon  the  subject  of  what  constitutes  a  sufficient 
disoovery  which  will  sanction  a  location  of  a  claim  to  oil  lands  under  the  laws  applicable 
to  plaoers.  It  is  well  known  that  the  natural  habitat  of  this  class  of  mineral  hydrocar- 
bons is  in  stratified  rocks  some  distance  below  the  surface,  and  except  for  the  occasional 
appearance  at  the  surface  in  the  form  of  oil  seepages,  springs,  or  other  indications  of  the 
subterranean  existence  of  petroleum,  there  is  nothing  to  guide  the  miner  in  making 
his  location.  It  requires  more  or  less  extensive  development  in  the  nature  of 
well  boring  and  prospecting  to  determine  the  nature,  extent,  and  permanency 
of  the  deposit. 

"Of  course,  exploitation  on  adjacent  lands  might  raise  a  strong  presumption  that  a 
given  tract  contained  petroleum.  An  oil-producing  well  within  each  of  four  sections  of 
land  surrounding  a  fifth  would  produce  a  conviction  that  the  oil  deposit  was  underneath 
the  fifth  section.  This  fact  might  justify  the  land  department  in  classifying  the  sec- 
tion in  the  category  of  mineral  lands,  or  the  government  surveyor  in  returning  it  as 
such,  but  it  would  not  dispense  with  the  necessity  of  making  a  discovery.' 


>r 


The  only  essential  to  a  valid  location  in  addition  to  a  discovery  of 
mineral  is,. so  far  as  the  Federal  law  is  concerned,  that  the  claim  be  ''  dis- 
tinctly marked  on  the  groimd  so  that  its  boimdaries  can  be  readily 
traced''  (R.  S.  2324).  In  many  instances  State  laws  and  local  regidations 
prescribe  other  requirements,  such  as  posting  a  location  notice  on  the 
claim  and  the  recording  of  the  location  with  a  specified  district  or  county 
oflJcer.  Once  these  requirements  have  been  met  the  locator  has  "the 
exclusive  right  of  possession  and  enjoyment  of  all  the  surface  included 
within  the  lines"  of  his  claim  (R.  S.  2322).  The  claim  may  comprise 
20  acres  if  located  by  an  individual  or,  if  made  by  an  association,  20 
acres  for  each  member  thereof  (R.  S.  2321),  but  in  no  case  may  it  exceed 
160  acres  (R.  S.  2320).  There  is  no  limit  upon  the  number  of  claims 
which  may  be  located  by  a  single  individual  or  association. 

Having  complied  with  all  the  requirements  necessary  to  a  valid 
location  and  having  thus  become  entitled  to  exclusive  right  of  possession, 
the  claimant,  in  order  to  continue  the  right,  must  expend  not  less  than 
SlOO  worth  of  labor  or  improvements  upon  the  claim  during  each  year 
(R.  S.  2324).  The  requurement  of  development  work  as  a  condition  of 
continued  possession  of  mining  property  was,  like  the  discovery  require- 
ment, incorporated  into  the  local  regulations  from  the  mining  laws  of 
Spain  and  Mexico.  Failure  to  perform  the  required  assessment  work 
forfeits  the  right  to  exclusive  possession  and  the  claim  becomes  "open  to 
relocation  in  the  same  manner  as  if  no  location     .    .    .   had  ever  been 
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made''  (R.  S.  2324).  The  present  law  gives  the  claimant  until  the  end 
of  the  calendar  year  succeeding  his  location  in  which  to  perform  his  first 
assessment  work  (21  Stat.,  61),  and  thereafter  the  calendar  year  is  the 
period  for  which  such  work  is  required. 

If  the  claimant  has  made  a  valid  discovery  and  has  expended  not  less 
than  $500  worth  of  labor  or  improvements  upon  the  claim  (R.  S.  2325), 
he  is,  upon  compliance  with  certain  requirements  as  ^o  posting  notices, 
publication,  survey  (R.  S.  2325),  and  upon  payment  of  S2.50  an  acre 
(R.  S.  2333),  entitled  to  a  patent  conveying  a  title  in  fee  to  the  area 
covered  by  his  claim.  The  right  to  patent  may  also  be  earned  by  holding 
and  working  a  placer  claim  for  the  period  prescribed  by  the  statute  of 
limitations  of  the  State  in  which  the  claim  is  situated  (R.  S.  2332),  but 
this  right  is  rather  infrequently  exercised,  is  not  of  especial  importance 
to  the  present  discussion,  and  will  not  hereinafter  be  considered. 

It  is  evident  that  there  are  three  stages  of  development  of  the  title 
which  a  claimant  under  the  placer  law  acquires  to  the  land  included 
within  his  claim:  First,  the  period  between  his  physical  occupation  of 
the  claim  and  his  making  location;  second,  the  period  between  his 
location  and  patent;  and  third,  the  period  after  patent. 

The  third  case  requires  no  discussion.  The  patent  is  a  grant  of  title 
in  fee  simple,  good  against  the  grantor  and  all  adverse  claimants,  and 
subject  to  attack  only  upon  the  ground  of  fraud. 

The  character  of  title  during  the  period  between  location  apd  patent, 
while  by  no  means  clearly  or  consistently  defined  by  the  courts,  is  never- 
theless such  as  to  protect  the  claimant  in  the  exclusive  possession  and 
enjoyment  of  his  claim  so  long  as  he  performs  his  annual  assessment 
work  and  complies  with  State  and  local  r^ulations.  Lindley  in  review- 
ing the  character  of  this  estate  says  (Lindley  on  Mines,  ^p.  892): 

''Prior  to  the  issuance  of  a  patent  the  locator  cannot  be  said  to  own  the  fee-simple 
title.  The  fee  resides  in  the  general  government,  whose  tribunals,  specially  charged 
with  the  ultimate  conveyance  of  the  title,  must  pass  upon  the  qualifications  of  the  loca- 
tor and  his  compliance  with  the  law.  Yet,  as  between  the  locator  and  every  one  else 
save  the  paramoimt  proprietor,  the  estate  acquired  by  a  perfected  paining  location 
possesses  all  the  attributes  of  a  title  in  fee,  and  so  long  as  the  requirements  of  the  law 
with  reference  to  continued  development  are  satisfied,  the  character  of  the  tenure 
remains  that  of  a  fee.  As  between  the  locator  and  the  government,  the  former  is  the 
owner  of  the  beneficial  estate,  and  the  latter  holds  the  fee  in  trust,  to  be  conveyed  to 
such  beneficial  owner  upon  his  application  in  that  behalf  and  in  compliance  with  the 
terms  prescribed  by  the  paramount  proprietor." 

It  should  be  borne  clearly  in  mind  and  cannot  be  too  strongly  em- 
phasized that  this  character  of  right  and  title  is  present  ordy  after  loca- 
Hon  and  that  no  location  can  he  made  unless  founded  upon  discowry. 
Unless  he  has  made  discovery  no  amount  of  development  work  and  no 
compliance  with  other  Federal,  State,  or  local  requirements  (except  that 
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of  possession  and  work  for  the  period  prescribed  by  the  statute  of  limi- 
tations; R.  S.  2332)  will  confer  upon  the  claimant  an  equitable  title  as 
against  the  government  or  a  tenure  in  the  nature  of  a  fee  against  others. 
As  against  the  government,  the  mineral  claimant  who  has  made  no  dis- 
covery has  in  fact  no  title  whatever,  either  legal  or  equitable.  Neither 
has  he  any  vestige  of  title  against  strangers  so  far  as  the  Federal  laws  are 
concerned.  He  is  not  before  the  Department  until  he  has  made  dis- 
covery of  mineral  on  which  to  found  a  location.  Consequently  the 
Department  cannot,  even  if  it  would,  protect  him  against  intruders  upon 
his  occupancy  or  violators  of  his  possession.  He  has,  however,  been 
granted  some  measure  of  protection,  none  too  clearly  defined,  by  the 
courts,  and  the  measure  of  this  protection  is  a  matter  of  great  concern 
to  the  prospector  for  deep-seated  deposits.  How  far  will  the  courts 
saf^uard  his  occupancy  and  possession  prior  to  discovery  against,  first, 
agricultural  claimants,  and  second,  other  mineral  claimants? 

The  leading  case  upon  the  rights  of  a  mineral  occupant  against  an 
agricultural  claimant  is  Cosmos  Exploration  Co.  vs.  Grey  Eagle  Oil  Co. 
(112  Fed.,  4).  In  this  case,  which  was  aflSrmed  by  the  Supreme  Court 
of  the  United  States,  although  this  point  was  not  specifically  mentioned 
(190  U.  S.,  310),  it  is  stated  that  the  defendants  had  made  ''pretended 
placer  mining  locations"  upon  the  land  in  controversy  but  had  made 
QO  discovery,  that  thereafter  complainant  selected  this  land  in  lieu  of 
certain  lands  in  the  national  forest  under  the  Act  of  June  4,  1897  (36 
Stat.,  11,  36),  which  provides  for  the  selection  of  "vacant  land  open 
to  settlement,"  and  that  subsequently  defendants  discovered  oil  in  paying 
quantities.  The  Circuit  Court  of  Appeals  of  the  ninth  circuit  held 
(syllabus) : 

"Land  was  not  'vacant  and  open  to  settlement/  and  subject  to  selection  under  such 
act,  where  at  the  time  of  the  application  it  was  in  the  actual  occupancy  of  others 
engaged  in  exploring  it  for  oil,  under  oil  placer  mining  locations  previously  made  by 
them,  although  such  locations  did  not  appear  by  the  records  of  the  local  land  office, 
and  although  they  were  not  valid  as  against  the  United  States,  because  there  had  been 
no  previous  discovery  of  oil  on  the  land,  where  the  locators  prosecuted  the  work  of 
exploration  with  due  diligence,  and  with  the  result  of  discovering  oil  in  paying  quanti- 
ties before  the  selectioYi  by  the  applicant  under  the  forest  reserve  act  had  been  approved 
by  the  land  department.  Until  by  such  approval  an  applicant  is  vested  with  the  equi- 
table title  to  the  land,  it  remains  subject  to  exploration  for  minerals  under  the  mining 
laws;  and,  while  lawfully  occupied  by  one  engaged  in  making  such  exploration,  it  is  not 
'vacant'  within  the  meaning  of  the  act;  nor  is  it  open  to  settlement  where,  as  the 
result  of  such  exploration,  its  mineral  character  is  established,  while  the  title,  both  legal 
and  equitable,  remains  in  the  United  States." 

It  should,  however,  be  noted  that  while  under  this  decision  the 
prospector  proceeding  in  good  faith  to  explore  for  minerals  is  protected 
agmnst  adverse  agricultural  claimants,  there  is  nothing  of  record  in  the 
Land  Office  to  show  that  the  land  which  he  occupies  is  not  'Wacant  and 
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open  to  settlement/'  and  such  agricultural  filings  are  likely  to  be  made 
at  any  time,  subjecting  him  to  the  expense'  of  maintaining  contest  pro- 
ceedings before  the  Land  Department  or  the  courts.  It  may  also  be 
worthy  of  note  that  some  importance  seems  to  be  attached  to  the  fact  that 
oil  was  discovered  before  the  agricultural  selection  had  been  approved. 

That  a  measure  of  protection  is  afforded  against  adverse  mineral 
claimants  who  attempt  by  forcible,  fraudulent,  or  surreptitious  means 
to  violate  the  possession  of  a  mineral  occupant  proceeding  in  good 
faith,  is  held  by  Miller  vs.  Chrisman  (140  Calif.,  440),  in  which  Mr. 
Justice  Henshaw  says: 

''  It  is  to  be  remembered  that  it  is  not  essential  to  the  validity  of  a  location  that  the 
discovery  shall  have  proceeded  or  shall  coexist  with  the  posting  of  the  notice  and  the 
demarcation  of  boundaries.  The  discovery  may  be  made  subsequently,  and  when 
made  operates  to  perfect  the  location  against  all  the  world,  saving  those  whose  bona 
fide  rights  have  intervened.  One  who  thus  in  good  faith  makes  his  location,  remains  in 
possession,  and  with  due  diligence  prosecutes  his  work  toward  a  discovery,  is  fully 
protected  against  all  forms  of  forcible,  fraudulent,  surreptitious,  or  clandestine  entries 
and  intrusions  upon  his  possession.  Such  entry  must  always  be  peaceable^  open  and 
above  board,  and  made  in  good  faith,  or  no  right  can  be  founded  upon  it.  (Belk  vs. 
Meagher,  104  U.  S.,  279;  Atherton  vs.  Fowler,  96  U.  S.,  613;  Nevada  Sierra  Oil  Co. 
vs.  Home  Oil  Co.,  98  Fed.,  673.)" 

And  further: 

''It  further  appears  that  certain  valuable  rights  become  the  property  of  such  loca- 
tors even  before  discovery.  They  have  the  right  of  possession  against  all  intruders 
(Garthe  vs.  Hart,  73  Cal.,  541),  and  they  may  defend  this  possession  in  the  courts. 
(Richardson  vs.  McNulty,  24  Cal.,  339.)  They  have  then  this  right  of  possession  and 
with  it  the  right  to  protect  their  possession  against  all  iUegal  intrusions,  and  to  work 
the  land  for  the  valuable  minerals  it  is  thought  to  contain.  We  cannot  perceive  why 
these  rights  may  not  in  good  faith  be  made  the  subject  of  conveyance  by  the  associates 
as  well  before  as  after  discovery," 

Although  it  would  thus  appear  that  a  mineral  claimant  prior  to  discov- 
ery may  not  be  ousted  from  his  possession  by  force  or  fraud,  it  'has  been 
held  repeatedly  that  his  possession  is  not  good  against  that  of  an  adverse 
claimant  who  enters  upon  the  land  in  good  faith  and  in  compliance  with 
the  law  and  proceeds  to  make  a  discovery.  The  quotations  from  Miller 
vs.  Chrisman  just  given  confirm  this  by  implication  and  cite  among  others 
the  case  of  Garthe  vs.  Hart  (73  Cal.,  541).  In  this  case  the  court  below 
has  instructed  the  jury  as  follows: 

"As  I  said,  there  is  still  another  way  by  which  a  miner  in  this  state  may  acquire  a 
right  to  the  possession  of  a  piece  of  mining  grovmd.  It  is  by  taking  possession  of  it  and 
clearly  defining  the  boundaries  so  that  they  may  be  readily  traced,  and  holding  such 
possession,  keeping  such  possession." 

The  appellate  court  reversed  the  lower  court  on  this  and  other  grounds, 
saying  irUer  alia: 
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'In  the  huny  of  the  trial,  the  learned  judge  evidently  overlooked  the  distinotion 
between  the  right  of  a  party  in  possession  as  against  mere  intruderSi  and  his  right  as 
against  one  who  has  complied  with  the  mining  laws.  Possession  is  good  against  mere 
intruders  (Attwood  v.  Frioot,  17  Cal.  37;  S.C.,  76  Am.  Sec.  567;  English  v.  Johnson, 
17  Cal.  115;  8.C.,  76  Am.  Dec.  674;  Hess  v.  Winder,  30  Cal.  355;  Golden  Fleece  Co. 
v.  Cable  Con.  Co.,  12  Nev.  321, 322) ;  but  it  is  not  good  as  against  one  who  has  complied 
with  the  mining  laws.      (Du  Prat  v.  James,  65  Cal.  556,  557.)" 

In  Miller  vs.  Chrisman,  supra,  the  Supreme  Court  also  cited  the  lead- 
ing case  of  Belk  vs.  Meagher  (104  U.  S.,  279).  In  this  case,  which  is  not 
as  clear  or  simple  as  might  be  wished,  the  facts  were  stated  to  be  as 
follows  (syllabus): 

"A.  entered  Dec.  19,  1876,  upon  a  claim  not  then  in  the  actual  possession  of  any 
one,  but  covered  by  a  valid  and  subsisting  location  which  did  not  expire  imtil  the  first 
day  of  January  thereafter.  Between  the  date  of  his  entry  and  Feb.  21,  1877,  he  made 
no  improvements  or  enclosure,  and  did  a  very  small  amount  of  work,  but  had  no  other 
title  than  such  as  arose  from  his  attempted  location  of  the  daim  and  his  occasional  labor 
upon  it.  On  the  last-mentioned  date  B.  entered  upon  the  property  peaceably  and  in 
good  faith,  and  did  all  that  was  required  to  protect  his  right  to  the  exclusive  possession 
thereof.  A.  brought  ejectment  October  25,  1877.  Held,  that  A's  entry  %nd  labor  did 
not  entitle  him  to  a  patent  under  sect.  2332,  Rev.  Stat.,  nor  prevent  B's  acquisition  of 
title  to  the  claim.  ..." 

The  court  through  Mr.  Chief  Justice  Waite  said: 

"No  one  contends  tiiat  the  defendants  affected  their  entry  and  secured  their  relo- 
cation by  force.  They  knew  what  Belk  had  done  and  what  he  was  doing.  He  had  no 
right  to  the  possession,  and  was  only  on  the  land  at  intervab.  There  was  no  enclosure, 
and  he  had  made  no  improvements.  He  apparently  exercised  no  other  acts  of  owner- 
ship, after  January  1,  than  every  explorer  of  the  mineral  land  of  the  United  States  does 
when  he  goes  on  them  and  uses  his  pick  to  search  for  and  examine  lodes  and  veins.  As 
his  attempted  relocation  was  invalid,  his  rights  were  no  more  than  those  of  a  simple 
explorer.  In  two  months  he  had  done,  as  he  himself  says,  'no  hard  work  on  the  claim,' 
and  he  'probably  put  two  days'  work  on  the  ground.'  This  was  the  extent  of  his  pos- 
session. He  was  not  an  original  discoverer,  but  he  sought  to  avail  himself  of  what 
others  had  found.  Relying  on  what  he  had  done  in  December,  he  did  not  do  what  was 
necessary  to  affect  a  valid  relocation  after  January  1.  His  possession  might  have  been 
such  as  would  have  enabled  him  to  bring  an  action  of  trespass  against  one  who  entered 
without  any  color  of  right,  but  it  was  not  enough,  as  we  think,  to  prevent  an  entry 
peaceably  and  in  good  faith  for  the  purpose  of  securing  a  right  under  the  act  of  Congress 
to  the  exclusive  possession  and  enjoyment  of  the  property.  The  defendants  having 
got  into  possession  and  perfected  a  relocation,  have  secured  the  better  right." 

The  court  also  said: 

"His  idtimate  right  to  a  patent  depended  entirely  on  his  keeping  himself  in  and  all 
others  out,  and  if  he  was  not  actually  in,  he  was  in  law  out.  A  peaceable  adverse 
entry,  coupled  with  the  right  to  hold  the  possession  which  was  thereby  acquired,  oper- 
ated as  an  ouster.  ...  He  had  made  no  such  location  as  prevented  the  lands  from 
being  in  law  vacant.  Others  had  the  right  to  enter  for  the  purpose  of  taking  them  up,  if 
it  could  be  done  peaceably  and  without  force.  There  is  nothing  in  Atherton  v.  Fow- 
ler (96  U.  S.,  513)  to  the  contrary  of  this.  ..." 
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"You  gentlemen  can  readily  see  the  absolute  necessity  for  the  oil  miner  to  go  upon 
this  land  and  proceed  to  make  that  discovery.  In  many  instances,  gentlemen,  with 
the  difficulties  that  have  arisen  in  this  development  it  has  taken  years  to  find  out 
whether  a  piece  of  land  was  really  oil  land  or  not  and  to  make  the  discovery  which  is 
necessary  before  you  can  make  appUcation  to  the  Land  Department  and  acquire  title 
to  the  land. 

''In  the  case  of  nine-tenths  of  the  government  land  in  California  on  which  men  are 
operating  to-day  there  is  absolutely  no  record  in  the  Land  Office  of  their  operations. 
We  cannot  get  near  the  Land  Office  until  we  have  made  a  discovery. 

These  discovery  wells  not  only  require  long  periods,  some  of  them 
months  or  even  years^  to  drill,  but  they  cost  large  subis  of  money.  It 
has  been  estimated  that  the  average  cost  of  each  successful  well  in  the 
State  of  California  within  the  last  year  or  two  has  exceeded  $15,000.  It 
is  no  uncommon  thing  for  a  well  to  cost  over  $56,000.  Thus  the  oil 
operator  must  expend  large  sums  of  money  during  the  months  required 
to  make  a  discovery,  and  until  such  discovery  is  made  he  may  be  dispos- 
sessed and  his  expenditure  lost  if  another  operator  enters  upon  the  land 
(by  other  than  forcible,  fraudulent,  or  surreptitious  means)  and  makes 
prior  discovery.  The  following  colloquy  between  Hon.  Sylvester  C. 
Smith,  Representative  from  California,  and  A.  I.  Weil,  of  San  Francisco, 
before  the  Public  Lands  Committee  of  the  House  illustrates  the  situation 
(H.  R.  24070,  pp.  7,  8) : 

"Mr.  Smith:  I  think,  however,  you  wiU  admit  that  this  is  the  state  of  affairs  in 
California:  If  A  goes  on  a  quarter  section,  having  moniunented  the  comers  as  a  mining 
claim,  and  begins  to  drill,  and  B  comes  onto  the  same  quarter  section  and  wants  to 
begin  to  drill,  the  courts  will  not  put  B  off. 

"Mr.  Weil:  Oh,  no;  they  wUl  not  put  him  off. 

"  Mr.  Smith :  He  has  the  right  to  gp  on  and  begin  to  drill  side  by  side  with  A. 

''The  Chairman:  Yes,  but  what  will  the  court  say  to  B  if  B  makes  the  discovery 
first? 

"  Mr.  Weil:  That  has  not  been  decided. 

"Mr.  Smith:  My  opinion  is  that  they  are  bound  to  hold  in  his  favor. 

"The  Chairman:  That  is  my  curbstone  opinion. 

"Mr.  Smith:  Because  he  is  the  man  who  first  unites  a  discovery  with  a  location. 
**********  * 

"Mr.  Smith:  But  the  difficulty  is  this:  A  person  makes  a  location.  He  has  no 
security  whatever  in  his  tenure. 

"The  Chairman :|Unless  he  works. 

"  Mr.  Smith :  Even  if  he  works  he  has  not,  because  B  may  come  and  sit  down  beside 
him  and  commence  drilling.  Therefore  A,  who  makes  the  first  location,  cannot  go  out 
and  enlist  capital,  or  does  not  always  feel  like  bringing  his  own  capital  into  the  enter- 
prise, fearing  that  B  may  come  along  and  beat  him  to  the  oil. 

"The  law  ought  to  be  such  that  when  a  man  in  some  proper  manner  obtains  pos- 
session of  a  piece  of  government  land  for  a  purpose  he  can  hold  it  against  the  world 
until  he  has  worked  out  his  purpose.  It  is  not  so  under  this  situation.  A  man  may  go  in 
there  with  ever  so  good  faith  and  stake  out  a  quarter  section  and  put  on  his  rig  and 
begin  to  drill;  and  yet  another  man  or  20  men  can  come  on  the  same  land  and  sit  down 
beside  >i»Tn  and  begin  to  drill,  too." 
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That  such  large  amounts  have  been  and  are  being  mvested  in  oil 
prospecting  with  no  greater  security  of  title  than  the  placer  law  affords 
would  seem  to  be  due  solely  to  the  large  percentage  which  the  investment 
returns  if  it  is  succes^ul.  Certainly  the  law,  even  imder  the  most 
favorable  court  interpretations,  affords  meager  protection  for  such 
simis,  and  permits  interference  with  and  annoyance  of  the  l^itimate 
prospector  which  amount  to  little  short  of  blackmail.  Mr.  O'Donnell, 
already  quoted,  refers  to  some  of  the  more  common  practices.  On  p.  7 
of  the  record  he  says  (H.  R.  24070,  p.  7)  : 

"It  is  sometimes  very  hard  to  tell  exactly  where  your  lines  are;  and  it  has  been 
quite  a  trick  on  the  part  of  some  unscrupulous  persons  to  erect  a  derrick  on  their  own 
property  and  slip  it  across  the  line/' 

And  on  p.  10  (H.  R.  24070,  p,  10) :    ' 

"In  many  instances  in  the  little  towns  on  midnight  of  January  1,  almost  all  of  the 
saloon  men,  and  the  men  that  spend  a  great  deal  of  their  time  in  these  towns,  go  out 
and  locate  the  whole  country.  Then  they  come  and  ask  for  a  bonus  from  the  operator, 
from  me,  from  the  driller  that  tries  to  organise  a  little  company  among  his  associates 
and  go  out  to  driU  on  that  Icmd." 


Since  it  is  clear  that  the  oil  prospector  is  subject  to  the  loss  of  his 
possession  if  an  adverse  claimant  makes  peaceable  and  open  entry  in  good 
faith  and  discovers  oil,  it  is  to  his  interest  to  prevent  such  peaceable  and 
open  entry.  The  extent  to  which  such  entry  is  prevented  and  the  means 
taken  thereto  seem  to  vary  with  the  field.  As  stated  by  Mr.  O'Donnell 
with  r^ard  to  California  operators  (H.  R.  24070,  p.  9)  "when  they  were 
in  legitimate  pursuit  of  discovery  they  were  seldom  disturbed.''  Never- 
theless instances  are  not  wanting  where  gunmen  have  been  hired  to  pre- 
vent attempts  to  enter  and  occupy  lands  already  being  prospected. 
Neither  is  it  uncommon  to  see  dozens  of  location  notices  put  up  by  dif- 
ferent locators  on  the  same  claim,  each  in  the  hope  that  his  location  will 
be  validated  by  a  discovery  or  that  the  courts  will  accord  him  priority 
of  possession.  Such  conditions  inevitably  tend  to  violence  or  litigation 
or  both. 

In  some  of  the  fields,  particularly  in  the  Rocky  Mountain  States, 
almost  any  kind  of  pretended  development  work  appears  sufficient  to 
hold  a  claim  for  an  indefinite  period.  Here  many  subterfuges  have  been 
adopted  by  those  who  wish  to  hold  possession  of  valuable  petroleum 
lands  without  the  expenditure  of  the  large  sums  necessary  to  make  dis- 
covery. Rigs  capable  of  drilling  only  to  a  few  hundred  feet  have  been 
erected  for  the  purpose  of  doing  assessment  work  on  lands  beneath  which 
the  oil  sands  were  known  to  lie  at  depths  of  thousands  of  feet.  Tunnels 
have  been  dug  in  hillsides  to  tap  oil  springs  or  seeps  in  the  attempt  to 
obtain  inexpensively  enough  oil  to  constitute  a  discovery.  In  at  least 
one  Western  State  large  areas  have  been  claimed  for  years  imder  assess- 
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ment  work  in  the  shape  of  roads,  some  of  which  make  transportation  to 
the  fields  easier,  and  some  of  which  have  only  the  merit  of  entailing  the 
expenditure  of  the  required  amoimt  of  money.  One  large  area  is  being 
held  under  building-stone  placer  claims,  although  much  of  the  area  is 
covered  by  dime  sand  and  no  building  stone  of  especial  value  is  known  in 
the  region.  In  some  of  the  fields  there  are  deposits  of  gypsum  of  fair 
quality  upon  the  surface  of  oil  lands  of  great  prospective  value.  Many 
attempts  have  been  made  to  obtain  title  to  these  lands  by  locating  and 
perfecting  gypsum  placers.  The  West  Side  fields  of  the  San  Joaquin 
valley,  Califomia,  are  ornamented  in  places  by  Italian  gardens  carved 
in  the  g3rpsiun  by  humorous  assessment  workers,  and  by  graceful  stair- 
ways which,  as  has  aptly  been  said,  lead  nowhere  but  to  a  title  to  valuable 
oil  lands.  « 

A  consideration  of  these  various  attempts,  more  or  less  successful, 
to  hold  oil  lands  without  making  or  attempting  to  make  discovery,  and 
the  instances  of  entry  upon  oil  lands  already  being  prospected  for  the 
purpose  of  making  discovery  in  advance  of  the  prior  locator,  would  lead 
to  the  conclusion  that  in  neither  situation  is  the  placer  law  satisfactory. 
If  occupancy  without  discovery  is  respected,  large  areas  are  withheld 
from  exploration  and  development,  in  some  instances  by  a  single  indi- 
vidual or  group  of  individuals.  If,  on  the  other  hand,  such  occupancy 
is  not  respected,  the  oil  prospector  must  assume  undue  risk  of  the  loss  of 
his  investment  prior  to  discovery. 

Draining  of  Oil  from  Adjacent  Lands 

However,  this  is  by  no  means  the  only  objection,  and  in  reality  is 
not  the  greatest  objection,  to  the  placer  law  as  applied  to  petroleum. 
Oil  is  a  fluid  which  occurs  saturating  relatively  porous  beds  beneath  the 
earth's  siuf  ace.  Like  any  other  liquid,  it  is  subject  to  the  laws  of  gravity, 
hydrostatic  pressure,  and  capillarity,  and  it  is  in  nearly  every  instance 
under  greater  or  less  gas  pressure.  When  a  well  taps  an  oil  sand  and  the  oil 
immediately  around  the  well  is  drawn  off  other  oil  from  greater  distances 
flows  in  and  is  also  drawn  off.  The  amount  of  oil  imder  a  given  tract  of 
land  is  thus  not  a  constant,  as  would  be  the  amount  of  some  solid  mineral. 
It  is  subject  to  change  through  the  opening  of  wells  on  adjoining  tracts, 
or  through  the  flooding  of  the  oil  sands  with  water  from  mishandled  wells. 
It  is  illogical  to  dispose  of  oil  by  the  acre,  for  the  very  apparent  reason 
that  it  may  not  stay  under  a  given  acre  but  may  be  drawn  off  by  wells  on 
neighboring  acres.  It  is  so  well  established  in  the  law  of  real  properly 
as  to  need  no  discussion  that  fluid  substances  are  the  property  of  the 
person  upon  whose  lands  they  are  brought  to  the  surface,  regardless  of 
whose  lands  they  originally  underlay.  When  oil  or  gas  '' escape  and  go 
into  other  land,  or  come  under  another's  control,  the  title  of  the  former 
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owner  is  gone.  If  an  adjoining  owner  drills  his  own  land  and  taps  a 
deposit  of  oil  or  gas,  extending  under  his  neighbor's  field,  so  that  it  comes 
into  his  well,  it  becomes  his  property."  (Brown  vs.  Spilman,  155  U.  S., 
665,  670,  citing  Brown  vs.  Vandergrift,  80  Penn.  St.,  142,  147;  West- 
moreland Nat.  Gas  Co.'s  Appeal,  25  Weekly  Notes  of  Cases  (Penn.), 
103.) 

Since  oil  thus  belongs  to  the  producer  thereof,  it  becomes  advan* 
tageous  for  the  owner  of  a  given  tract  to  so  drill  his  wells  that  they  will 
draw  the  maximum  quantity  of  oil  from  adjacent  lands.  The  radius 
which  will  be  drained  by  a  given  well  is  not  definitely  known  and  is,  of 
course,  variable.  Enough  data  are  at  hand,  however,  to  show  that  con- 
siderable distances  may  be  aflfected.  W.  W.  Orcutt,  of  Los  Angeles,  in 
charge  of  the  geological  department  of  the  Union  Oil  Co.,  testified  before 
the  Public  Lands  Committee  (H.  R.  24070,  pp.  48,  50) : 

"Sometiines  they  will  reach  1,000  feet;  aometimes  2,000  feet,  so  that  it  is  possible 
to  take  all,  or  nearly  all,  of  the  oil  ofif  of  a  very  large  area  of  land  from  one  well.  Usu- 
aUy  the  man  who  has  the  first  well  down  in  an  area  will  get  the  bulk  of  the  oil,  because 
after  the  first  well  is  drilled  the  gas  pressure  is  loosened  up,  and  it  is  all  coming  in  that 
direction.  The  line  of  least  resistance  is  toward  the  first  well,  and  a  well  drilled  sub- 
sequent to  the  first  well  will  not  get  very  much  oil. 

"I  think  a  gentleman  this  morning  made  the  statement  that  some  wells  he  was 
interested  in  had  produced  400  per  cent,  more  than  some  wells  his  neighbor  had  driUed 
just  across  the  line  subsequent  to  the  time  he  drilled  his  wells.  That  is  a  well-known 
fact.    The  man  who  gets  the  first  well  down  in  an  area  will  get  the  bulk  of  the  oil. 


II 


I  have  cm  instance  in  mind  in  the  Santa  Maria  field,  where  practically  all  of  the  oil 
has  been  taken  off  of  80  acres  from  one  well.  That  was  a  very  strong  well.  It  had  a 
big  gas  pressure.  When  other  wells  were  drilled  on  that  80-acre  piece  they  got  only 
little  'strippers'  that  did  not  amount  to  much." 

Such  information  as  has  been  obtained  since  the  date  of  Mr.  Orcutt's 
statement  (1910)  indicates  that  the  instances  are  rare  where  a  well  drains 
a  territory  so  large  as  that  given  in  his  statement.  But  the  following 
statement  by  Mr.  O'Donnell  is  significant  (H.  R.  24070,  p.  14) : 

"The  reason  for  putting  them  close  together  in  the  richer  parts  of  the  field  is  princi- 
pally to  get  them  along  the  line.  If  you  will  note,  you  will  see  that  the  closest  driving 
is  usually  along  the  line,  in  order  to  get  as  much  of  the  other  fellow's  oil  as  you  can. 
In  many  instances  we  have  drilling  arrangements,  spacing  them,  and  making  blue 
prints  of  each  piece  where  we  have  an  agreement,  showing  just  how  far  a  fellow  shall 
put  his  well  from  his  other  well.  That  shows  that  the  other  fellow  believes  that  if  your 
wells  are  thicker  on  your  particular  piece  of  land  they  will  affect  his  lands  in  time,  even 
although  they  are  half  a  mile  away.  After  the  discoveries  are  made,  of  course  the 
industry  is  very  profitable;  and  the  development  will  proceed  in  the  nature  of  a  race, 
perhaps,  along  the  line." 

At  any  rate,  the  distances  affected  are  known  to  be  such  that  the  practice 
of  drilling  as  close  as  may  be  to  the  property  lines  is  almost  universal. 
The  owner  of  tract  A  attempts  to  draw  off  the  oil  from  his  neighbor's 
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tract  B  and  to  forestall  the  neighbor  in  his  attempt  to  drain  the  oil 
from  tract  A.  Thus  it  becomes  a  race  for  the  oil  along  the  boundaries 
and  each  operator  is  forced  to  drill  by  the  drilling  of  his  neighbor. 
Whether  or  not  he  desires  to  drill,  even  although  he  is  imable  to  dispose 
of  more  oil  than  he  is  already  producing,  or  even  if  for  financial  or  other 
reasons  it  would  be  to  his  advantage  to  defer  the  bringing  in  of  new  wells, 
the  operator  must  nevertheless  drill  and  operate  wells  along  his 
boundaries  or  his  neighbors  will  enrich  themselves  at  his  expense. 
Numerous  statements  by  oil  operators  might  be  quoted  showing  the 
universality  of  the  practice  of  line  drilling  and  the  necessity  for  it  under 
the  placer  law,  but  an  examination  of  the  well  map  of  any  of  the  high- 
production  public-land  fields  will  show  the  present  situation  more  con- 
clusively than  any  statement.  It  is  common  practice  to  adopt  so-called 
gentlemen's  agreements  as  to  the  spacing  of  wells  on  neighboring  areas, 
and  by  this  means  to  attempt  to  prevent  line  racing  and  forced  pro- 
duction. But  while  these  agreements  are  in  many  instances  advan- 
tageous they  by  no  means  solve  the  whole  problem.  Mr.  O'Donnell  says 
(H.  R.  24070,  p.  117): 

"  The  general  custom  in  the  field  is  to  have  an  agreement  between  adjoining  opera- 
tors to  drill  not  nearer  than  150  ft.  from  the  line;  and  after  you  get  your  agreement, 
the  custom  is  to  drill  your  well  at  150  ft.  just  as  quick  as  you  can/' 

It  is  noteworthy  that  the  Office  of  Indian  Affairs,  in  r^ulating  oil 
and  gas  operations  on  Indian  lands,  has  recognized  the  evils  of  line  drill- 
injg.  Many,  if  not  all,  of  the  oil  leases  stipulate  that  no  well  shall  be 
drilled  within  200  ft.  of  a  division  line  unless  necessary  to  offset  wells  on 
adjoining  tracts.  The  following  provisions  seem  to  be  typical  (Emu- 
lations of  Apr.  20,  1908,  revised  to  May  1,  1912,  governing  leasing  of 
lands  of  the  Five  Civilized  Tribes) : 


'  The  lessee  may  be  required  to  drill  and  operate  wells  to  offset  paying  wells  on 
adjoining  tracts  and  within  300  feet  of  the  dividing  line. 

"Lessees  shall  not  be  allowed  to  drill  within  200  feet  of  the  division  lines  between 
lands  covered  by  their  leases  and  adjoining  lands,  except  in  cases  where  wells  on 
iadjoining  tracts  are  drilled  at  a  less  distance,  in  which  case  lessees  may  offset  such  ^ells 
by  drilling  at  an  equal  distance  from  the  line." 

Forced  Production 

A  third  serious  objection  to  the  placer  law,  growing  out  of  the  two 
already  discussed,  is  the  economic  loss  through  overproduction.  The 
operator  who  has  not  made  actual  discovery  of  oil  is  insecure  in  his  title. 
Furthermore,  his  neighbors  may  resort  to  line  drilling  and  rob  him  of 
deposits  of  great  value.  He  is  forced,  therefore,  in  fields  where  the 
competition  is  keen,  to  drill  for  and  produce  oil  whether  he  has  a  profitable 
market  or  not.    The  result  of  this  condition  is  seen  in  California,  where, 
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in  spite  of  a  producer's  association  which  tends  to  prevent  the  price  of  oil 
from  falling  so  low  as  to  ruin  the  industry,  the  oil  stock  on  hand  at  the 
end  of  1911  was  over  half  the  production  of  the  State  for  that  year.  Thus 
is  created  a  situation  which  is  of  great  disadvantage  to  the  producer  of 
oil  and  of  almost  equal  disadvantage  to  the  public,  since  a  large  part  of 
the  surplus  production  is  stored  in  open  reservoirs  where  tests  have  shown 
that  in  some  cases  the  volatilization  loss  is  as  great  as  50  per  cent,  in 
five  months.  This  loss  is  of  the  most  valuable  part  of  the  oil  and 
represents  a  tremendous  and  irredeemable  waste. 

Conclusion 

It  must  be  concluded  that  the  placer  law  as  applied  to  petroleum  is 
unsatisfactory  from  almost  every  angle.  It  fails  to  adequately  protect 
the  prospector  during  the  long  and  expensive  exploration  period.  It 
peimits  in  some  cases  the  holding  of  a  country  side  without  real  develop- 
ment or  prospecting.  It  permits  the  extraction  of  oil  from  the  territory 
of  another  and  fosters  and  necessitates  line  drilling.  It  forces  production 
in  advance  of  demand  and  results  in  serious  waste  of  a  valuable  resource. 
It  alienates  the  fee  from  the  government  and  endangers  and  renders 
difficult  future  government  control. 

It  is  not  the  purpose  of  the  present  discussion  to  endeavor  to  suggest 
new  l^islation.  The  objections  to  the  placer  law,  however,  force  certain 
features  of  a  satisfactory  law  upon  the  attention.  The  prospector  should 
be  given  the  exclusive  right  of  possession  of  a  restricted  area  for  a  limited 
period  sufficient  to  prove  or  disprove  its  oil-bearing  character.  Thus 
the  heavy  investment  required  for  oil  exploration  would  be  protected 
from  loss  by  adverse  claim.  The  operator  should  pay  for  his  oil  as  a 
commodity  in  terms  of  barrels  instead  of  as  real  property  in  terms  of 
acres.  If  oil  is  the  property  of  the  producer  thereof,  the  producer  should 
pay  for  it,  not  the  owner  of  the  property  from  which  it  is  drawn.  The  oil 
only  should  be  sold  and  the  title  to  the  land  should  be  retained  in  the 
government. 

Addendum 

It  might  be  well  to  add  to  this  discussion  a  brief  statement  of  the  effect 
upon  the  bona  fide  oil  operator  of  withdrawals  under  the  act  of  June  25, 
1910  (36  Stat.,  847).     This  act  provides: 

"That  the  President  may,  at  any  time  in  his  discretion  temporarily  withdraw  from 
settlement,  location,  sale,  or  entry  any  of  the  public  lands  of  the  United  States  includ- 
ing the  District  of  Alaska  cuid  reserve  the  same  for  water-power  sites,  irrigation,  classi- 
fication of  lands,  or  other  public  purposes  to  be  specified  in  the  orders  of  withdrawals, 
and  such  withdrawals  or  reservations  shall  remain  in  force  until  revoked  by  him  or  by 
an  act  of  Congress. 
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"Provided,  That  the  righta  of  any  person  who,  at  the  date  of  any  order  of  with- 
drawal heretofore  or  hereafter  made,  is  a  bona  fide  occupant  or  claimant  of  oil  or  gas 
bearing  lands,  and  who,  at  such  date,  is  in  diligent  prosecution  of  work  leading  to  the 
discovery  of  oil  or  gas,  shall  not  be  affected  or  impaired  by  such  order  so  long  as  such 
occupant  or  claimant  shall  continue  in  diligent  prosecution  of  said  work." 

The  operator  who  has  made  a  valid  location  supported  by  a  dis- 
covery is  of  course  not  affected  by  a  withdrawal  under  this  Act.  Neither 
is  the  operator  who,  although  he  has  not  as  yet  made  discovery,  is  never- 
theless engaged  in  the  diligent  prosecution  of  work  leading  thereto.  A 
withdrawal  therefore  operates  only  against  those  claimants  who  are  not 
diligently  seeking  a  discovery.  The  effect  of  the  withdrawal  is  to  prevent 
the  initiation  of  new  rights  upon  the  lands  withdrawn  by  those  not  prose- 
cuting work  at  the  date  of  withdrawal.  What  is  the  net  effect  then  upon 
the  operator  who  was  diligently  at  work  at  the  withdrawal  date,  and 
who  has  continued  diligently  at  work,  but  has  not  as  yet  made  discovery? 
If  there  were  no  withdrawals  it  is  entirely  within  the  bounds  of  possi- 
bility, as  already  pointed  out,  for  an  adverse  claimant  to  enter  upon  the 
land  (if  such  entry  be  not  forcible,  fraudulent,  or  clandestine),  drill  upon  it, 
and  by  iSrst  discovering  oil,  to  obtain  title  to  it.  With  a  withdrawal  order 
covering  the  land  no  such  intrusion  is  possible.  No  new  rights  can  attach 
subsequent  to  the  withdrawal,  and  the  operator  who  in  good  faith  was 
diligently  prosecuting  work  leading  to  discovery  and  who  has  continued 
to  do  so  is  protected  by  the  withdrawal  against  all  possibility  of  the 
initiation  of  adverse  claims. 
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Is  It  Feasible  to  Make  Common  Carriers  of  Natural  Gas  Transmissioii 

Lines? 

BT  SAMUXL  8.  WTSBy  GOLUMBTTB,  OmO 
(New  York  Meeting.  Fiebn»i7i  1914) 

Over  8,000,000  people  in  the  United  States  depend  on  natural  gas 
for  their  cooking,  heating  and  lighting  service.  This  service  has  been  made 
possible  only  by  the  investment  of  large  amounts  of  capital^in  transporta- 
tion lines  connecting  the  gas  wells  to  the  various  communities,  thus  com- 
bining a  hazardous  mining  operation  with  a  public  utility  service.  The 
effect  that  making  these  lines  "  common  carriers"  will  have  on  the  present 
and  future  service  to  these  8,000,000  or  more  people  is  of  far  reaching 
ethical  and  economic  importance,  and  deserves  careful  consideration. 
Ab  an  introduction,  it  must  be  conceded  that: 

1.  Natural  gas,  although  a  mineral  and  obtained  by  a  mining  opera- 
tion— with  more  uncontrollable  and  uncertain  features  to  cope  with  than 
exist  in  the  mining  of  coal  or  other  minerals — when  served  to  the  public 
becomes  a  public  utility  service. 

2.  The  governmental  power  to  r^ulate  all  public  utilities  in  the  in- 
terests of  the  public  cannot  be  successfully  disputed. 

3.  Mere  suggestion  of  inconvenience  to  the  utility  is  wholly  irrelevant, 
as  it  cannot  be  considered  or  allowed  to  influence  in  making  a  defense 
against  governmental  regulation.  Unfortunately  it  is  not  generally 
appreciated  that: 

1.  L^islative  enactments  are  not  necessarily  laws,  and  cannot 
abrogate  economic  laws  or  alter  engineering  facts. 

2.  There  is  a  dear  distinction  between  '^ common  carrier"  and 
"public  utility,"  although  the  terms  are  frequently  confused.  "A  com- 
mon carrier  is  one  who  undertakes  for  hire  to  transport  persons  or  goods, 
or  both,  from  place  to  place  for  all  persons  indifferently,  the  term  imply- 
ing indifference  as  to  whom  shall  be  served,  and  an  equal  readiness  to 
serve  all  who  apply,  in  the  order  of  their  application." 

On  the  other  hand,  property  becomes  a  "public  utility"  only  "when 
for  a  particular  purpose  the  public  have  a  right  to  resort  to  the  premises 
and  make  use  of  them." 

It  is,  therefore,  important  to  note  that  not  all  public  utilities  can 
be  r^arded  as  common  carriers.    The  U.  S.  Supreme  Court  has  already 
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made  this  distinction  in  the  case  of  tdegraph  lines,  noting  the  peculiar 
service  characteristics  that  prevul  there.    A  proper  analysis  of  natural 
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gas  operating  conditions  will  show  that  a  similar  exception  ought  to  be 
made  in  the  case  of  natural  gas  service. 

3.  Natural  gas  companies  are  not  chartered  to  act  and  do  not  offer 
to  act  as  common  carriers. 
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i.  The  legal  definitioQ  of  "common  carria"  cannot  be  ^plied  to 
the  natural  gas  business,  for  the  reason  that  the  fundamental  requirement 
of  the  common  carriw  is  non-discrimination.  A  gas  compai^  operating 
a  natural  gas  transmission  line  and  supplying  domestic  consum^^,  from 
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Fio.  2. — ^Rklativb  Geooraphical  Feattris  of  Natdrai.  Gas  Industry  in  thb 
Unitbd  States. 

the  very  nature  of  things,  must  give  its  own  consumers  preference  on 
account  of  public  policy  and  the  contractual  relations  existii^  between 
such  consumers  and  the  gas  company. 
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5.  The  consumer's  interest  and  rights  extend  clear  back  to  and 
depend  on  the  gas  wells  and  reserve  acreage  that  the  producing  company 
maintains  to  insure  an  adequate  present  and  continuous  future  service. 

6.  Large  interstate  natural  gas  business — which  cannot  be  burdened 
or  interfered  with  by  any  State — has  been  developed  as  shown  in  Fig.  1.* 

7.  The  relative  geographical  features  of  the  natural  gas  business  in 
the  United  States  are  startling,  as  shown  by  Fig.  2. 

8.  The  hazard  in  the  natural  gas  business  is  greater  than  that  in 
most  mining  operations  or  in  any  other  utility  service.  It  is  more  difficult 
to  determine  the  outline  and  volume  of  a  natural  gas  formation  than  it  is 
to  make  a  similar  determination  for  coal  or  other  minerals.  In  fact,  it 
is  impossible  from  surface  indications  to  determine  whether  gas  can  be 
found,  and  even  a  large  well  is  no  sure  indication  of  a  paying  field,  as  it 
frequently  happens  that  prolific  wells  are  surrounded  by  dry  holes 
or  unprofitable  territory,  and  the  wells  are  short  lived. 

9.  Gas  companies  discharging  their  legal  duty  to  their  domestic 
consumers  cannot  depend  upon  the  initiative  of  the  occasional  producer 
for  a  supply  of  gas,  but  must  depend  upon  their  own  initiative  in  order 
to  maintain  proper  field  operating  conditions  and  an  adequate  reserve 
acreage  for  future  development  to  insure  a  good  service  to  their  patrons. 
Experience  has  many  times  shown  that  satisfactory  continuous  service 
to  the  consumer  can  be  rendered  only  when  the  prod/uction,  transportation, 
and  distribiUing  features  are  properly  co-ordinated.  To  subordinate  the 
transportation  side  of  the  business  to  either  the  producer's  or  the  large 
industrial  consumer's  interest  is  indefensible. 

10.  Even  though  natural  gas  is  a  mineral  it  requires  constant  attention 
from  the  time  it  is  reduced  to  possession  at  the  bottom  of  the  well,  and 
embodies  an  xmbroken  chain  of  service  features  until  it  is  burned  at  the 
consumer's  fixtures. 

11.  Less  than  1  per  cent,  of  the  total  number  of  natural  gas  consumers 
of  the  United  States  are  industrial  users,  yet  these  users  take  over  65 
per  cent,  of  the  total  gas  used,  as  shown  in  Fig.  3. 

12.  The  1,621,557  domestic  consumers  in  the  United  States  have  at 
least  1150,000,000  invested  in  service  connections,  house  piping,  and  gas- 
using  appliances. 

13.  To  make  common  carriers  of  natural  gas  lines  will  destroy  the 
policy  of  conservation  and  greatly  increase  the  waste  of  natural  gas  in 
industrial  work,  thus  tending  to  soon  exhaust  the  available  supply  and 
leave  the  householders  with  large  investments  of  appliances  and  pipes 
which  will  be  useless,  owing  to  the  permanent  failure  of  the  gas. 

14.  Gas  may  be  produced  from  a  small  territory  and  a  few  wells  at  a 


^  Figs.  1, 2,  and  3  are  based  on  the  latest  U.  S.  Geological  Survey  and  U.  S.  Census 
statistics. 
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much  lower  cost  than  is  possible  where  the  producer  so  develops  his 

property  as  to  hold  &  large  acreage  in  reserve  in  order  that  a  continuous 

gas  supply  may  be  guaranteed  for  a  period  of  years. 

The  important  ethical  features  of  this  common  carrier  problem  are: 
1.  The  domestic  consumer's  interests  are  superior  to  the  industrial 

consumer's  interests.    This  is  because  it  is  an  easy  matter  to  install 


10.  3. — Rai^TioN  or  Dombstic  and  Industhial  Natukal  Gab  Cdhbomsbb. 

industrial  appliuices  for  burning  solid  fuel  satisfactorily,  but  practically 
impossible  to  do  this  for  the  domestic  consumer.  Natural  gas,  being 
superior  to  any  man-made  product,  is  ideally  adapted  for  domestic  serv- 
ice, and  ought  to  be  conserved  for  this,  rather  than  used  in  ordinary 
industrial  operations. 

2.  Natural  gas  service  to  the  domestic  consumer  is  one  which  in  no 
sense  bears  any  relation  or  sustains  any  connection  to  the  duties  of  a 
common  carrier. 

3.  Natural  gas,  although  worth  50  per  cent,  more  on  a  heating-value 
basis  than  artifidal  gas,  when  used  for  industrial  work  must  be  sold  at 
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an  absurdly  low  price  to  compete  with  producer  gas  for  industrial  service. 
For  instance,  .it  may  be  shown  that  in  a  producer  gas  plant  gasifying 
3  tons  of  (12,000  B.t.u.)  coal  per  hour,  allowing  6  per  cent,  for  interest 
on  investment,  7  per  cent,  for  sinkiog  fund,  and  3  per  cent,  for  repairs, 
plus  operating  labor,  24-hour  operation,  300  days  per  annum,  with  coal 
at  12  per  ton,  naturi^  gas  must  be  sold  at  15  c.  per  "M"  cubic  feet; 
and  with  coal  at  $2.50  per  ton,  natural  gas  must  be  sold  at  18  c.  per 
"  M  "  cubic  feet  in  order  to  compete  on  a  price  basis.  In  view  of  the  fact 
that  the  average  price  of  artificial  gas  throughout  the  United  States  is 
over  85  c.  per  "  M, "  the  economic  waste  in  permitting  the  use  of  natu- 
raJ  gas  for  industrial  service  is  self-evident. 


Fia.   4. — TrptCAL  Intake   and   Discharqe  Prebsubbs  of  a  Naturai.  Gas 
Transmission  Line  Necebsart  to  ueet  the  Vartino  Deuandb  or  the  Dokes- 

TIC  CONBCUERS. 


4.  There  can  be  no  conservation  for  future  generations  until  there  is 
an  appreciation  of  present  and  future  worth  of  natural  gas  service. 
The  leading  legal  features  of  this  common  carrier  problem  are: 

1.  The  retail  price  of  the  gas  service  to  the  consumer  is  fixed  by  ordi- 
nances for  relatively  long  periods. 

2.  That  there  can  be  no  legal  deprivation  of  property,  either  directly 
by  confiscation,  or  indirectly  by  onerous  burdens. 

3.  The  contractual  relations  existing  with  present  gas  consumers. 
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The  present  agitation  to  make  natural  ^as  lines  common  carriers 
comes  from  three  sources: 

1.  Small  companies  with  no  reserve  acreage  to  take  care  of  their  nor- 
mal growth  or  depleted  condition  of  old  and  operated  natural  gas  sup- 
plies. Many  small  companies  are  operating  properties  with  an  acreage 
of  not  over  50  acres  per  well.  The  average  acreage  per  gas  well  in  the 
United  States  is  about  400  acres  per  well,  and  the  companies  that  can  be 
depended  upon  to  render  continuous  service  in  most  cases  hold  from  700 
to  800  acres  per  well. 

2.  Manufacturers  who  own  gas  property  in  gas  field,  but  who  do  not 
wish  to  incur  the  expense  of  carrying  such  gas  to  a  point  where  factories 
are  located.  In  several  cases,  after  a  field  has  been  developed  manufac- 
turers have  stepped  in  and  bought  a  small  amount  of  production  without 
having  any  means  of  taking  such  production  to  the  point  where  their 
factories  are  located.  These  manufacturers,  therefore,  expect  that 
adjacent  pipe  lines  serving  large  numbers  of  domestic  consumers  should 
be  placed  at  their  service  in  handling  their  industrial  gas. 

3.  Small  producers  in  gas  field  with  no  reserve  acreage,  and  imable  to 
find  a  local  market  for  their  gas,  or  unable  to  make  the  investment  nec- 
essary to  carry  such  gas  to  the  market,  are  clamoring  for  the  common 
carrier  power  in  order  to  compel  the  adjacent  pipe  lines  to  act  not  only  as 
common  carriers  in  carrying  their  gas  to  a  market,  but  also  to  compel  such 
pipe-line  owners  to  buy  such  gas  by  virtue  of  the  economic  conditions 
surrounding  the  transmission  and  marketing  of  natural  gas. 

It  will  be  observed  that  all  of  these  are  distinctly  local  and  selfish, 
and  ignore  the  conservation  principles  entirely. 

The  engineering  and  economic  operating  conditions  that  must  be 
considered  and  coped  with  in  making  common  carriers  of  natural  gas  lines 
are: 

1.  Gas  can  go  in  one  direction  only.  This  makes  a  common  carrier 
service  for  a  pipe  line  entirely  different  from  a  common  carrier  service 
for  a  railroad,  where  transmission  may  be  carried  on  in  two  directions. 

2.  Capacity  of  transmission  lines  is  rigidly  fixed,  and  will  not  stand 
any  overload.  This  has  a  marked  effect  in  taking  care  of  peak  loads,  in 
contradistinction  to  railroads,  which  may  run  extra  trains  to  carry  extra 
traffic. 

3.  Natural  gas  service  is  instantaneous.  There  can  be  no  delays  in 
rendering  service,  as  is  possible  (and  universally  practiced)  in  other  trans- 
mission agencies,  such  as  railroads  and  traction  lines.  For  instance,  a 
railroad  can  very  easily  start  one  hour  late  in  case  of  congested  traffic, 
but  a  natural  gas  service  that  delivers  gas  for  cooking  breakfast  one  hour 
after  the  consumer  needed  it,  would  not  only  be  valueless  to  the  consumer, 
but  would  not  be  tolerated  in  any  community.    This  instantaneous 
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feature  differentiates  natural  gas  service  from  all  transportation  utilities 
and  common  carrier  agencies. 

It  may  be  argued  that  as  between  a  domestic  consumer  and  an  in- 
dustrial consumer,  the  domestic  consumer  could  be  given  preference  in 
cold  weather,  but  sudden  changes  in  temperature  would  not  permit  the 
transfer  from  the  manufacturing  to  the  domestic  consumer  in  time  for 
the  protection  of  the  latter. 

4.  While  it  has  been  urged  that  gas  transmission  companies  be  obliged 
to  build  additional  lines  so  as  to  care  for  all  common  carrier  gas  offered 
them,  it  is  patent  that  should  this  be  done  the  company  would  be  burdened 
with  a  large  indebtedness,  with  no  assurance  of  continuous  common  car- 
rier  business,  because  of  the  uncertain  life  of  the  wells  from  which  the 
common  carrier  gas  would  be  offered.  The  well-known  common  law 
doctrine  that  ^'a  utility  cannot  be  forced  to  make  an  expenditure  unless 
there  exists  a  reasonable  expectation  that  the  income  from  such  expendi- 
ture will  justify  the  investment  made"  refutes  this  contention. 

5.  Since  the  size  and  length  of  the  transmission  line  remain  station- 
ary, the  only  variability  possible  in  taking  care  of  a  large  fluctuating  load 
is  to  vary  the  pressure  on  the  line  within  the  strength  limits  of  the  pipe. 
Fig.  4  shows  the  practical  difficulties  in  taking  common  carrier  gas  into 
transmission  lines  on  accoimt  of  the  great  variation  in  pressure  conditions 
necessary  to  insure  satisfactory  service  to  the  consumers  at  the  delivery 
end  of  the  line.  The  pressure  on  the  line  that  is  to  receive  the  gas  must, 
obviously,  be  lower  than  the  well  pressure,  or  else  artificial  means  must 
be  provided  to  increase  the  pressure  of  the  gas  that  is  to  be  injected  into 
the  transmission  line. 

6.  The  market  for  natural  gas  is  not  fixed,  but  varies  largely  with  the 
season  of  the  year,  time  of  day,  temperature  of  atmosphere,  locality,  and 
consumer's  caprice  in  using  or  not  using  gas  on  his  premises. 

7.  Gas  consumers  will  not  contract  for  or  agree  to  use  a  fixed  amount 
of  gas  each  day,  but  are  entitled  by  law  to  take  gas  as  they  need  it.  With 
industrial  consumers  the  consumption  is  controlled  by  business  condi- 
tions, and  plants  may  be  shut  down  for  days  at  a  time,  or  work  over  time^ 
without  any  definite  arrangement  with  the  gas  company  for  such  fluctua- 
tion in  service  demands.  From  this,  it  is  evident,  from  the  very  nature 
of  the  case,  that  a  consumer  cannot  and  will  not  contract  for  a  definite 
supply  of  gas  from  some  shipper,  as  he  cannot  tell  the  shipper  how  much 
to  forward  through  the  common  carrier  lines,  or  when  to  make  deliveries. 

8.  Leakage  in  transit  must  be  taken  care  of,  either  in  the  rate  paid 
for  such  transmission  or  by  allowance  for  shrinkage  at  the  delivery  end. 

9.  Storage  facilities  are  not  commercially  feasible  for  storing  natural 
gas  at  the  intake  end,  in  transit,  or  at  the  delivery  end  of  the  transmission 
line.    For  instance,  an  18-in.  pipe,  1  mile  long,  at  300  lb.  pressure,  will 
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store  but  200,000  cu.  ft.  of  gas  as  delivered  to  the  consumer  at  4  oz. 
pressure. 

10.  Since  the  gas  in  transmission  will  be  thoroughly  intermixed,  if 
the  quality  of  the  common  carrier  gas  received  by  the  common  carrier 
is  different  from  that  delivered,  a  correction  will  have  to  be  made  for  this. 

11.  The  volume  of  gas  taken  into  and  discharged  from  the  common 
carrier  line  must  be  accurately  determined.  Gas  being  volatile  and  in- 
visible cannot  be  transported  or  identified  or  measured  in  bulk  as  coal 
or  oil  or  other  commodities;  and  apparatus  for  measuring  gas  in  large 
quantities  is  expensive  to  install  and  operate.  Furthermore,  the  errors 
in  gas  measurement,  due  to  defects  in  the  apparatus  or  the  calculations 
based  on  the  apparatus  readings,  are  not  apparent  as  in  other  commodi- 
ties, and  after  the  gas  has  passed  the  meter  the  volume  cannot  be  checked 
to  detect  errors  in  measurement  or  settle  disputes,  as  is  possible  with 
ordinary  commodities. 

12.  Where  common  carrier  gas  is  delivered  to  and  removed  from  a 
common  carrier  line,  it  would  be  necessary  to  know: 

(a)  Specific  gravity  of  gas; 

(b)  Pressure  of  gas; 

(c)  Temperature  of  gas; 

(d)  Quality  of  gas. 

The  first  three  are  necessary  in  order  to  determine  the  volume.  The 
quality  of  the  gas  from  different  places  may  vary  considerably;  thus, 
there  may  be  a  variation  of  several  hundred  heat  units  per  cubic  foot  in 
the  heating  value.  Occasionally  freak  wells  produce  large  amounts  of 
sulphur  which,  if  introduced  as  common  carrier  gas  into  the  main  line, 
may  vitiate  the  supply  in  many  communities.  It  is  also  a  well-known 
fact  that  gas  as  it  comes  from  the  wells  contains  an  xmcertain  quantity 
of  moisture  and  frequently  salt  water,  which,  if  not  properly  handled 
in  the  field,  will  get  into  the  main  lines,  causing  damage  by  lines  freezing 
up  and  water  interfering  with  the  action  of  regulators  and  meters. 

13.  A  common  carrier  natural  gas  line  would  be  limited  to  handle 
one  commodity;  whereas  railroads  can  handle  every  knpwn  commodity. 

14.  Common  carrier  natural  gas  lines  can  have  no  extensive  inter- 
connecting service  with  other  lines;  whereas,  every  railroad  can  handle 
commodities  from  every  other  railroad. 

15.  The  transportation  of  natural  gas  is  a  local  business,  naturally 
centralized  in  the  fields  of  production,  the  deliveries  being  made  near 
those  fields,  and  not  throughout  the  United  States,  as  are  other  commodi- 
ties. The  limited  area  producing  natural  gas,  and  limited  population 
using  natural  gas  in  the  United  States,  are  emphasized  in  Fig.  2. 

16.  Features  Nos.  1,  2,  3,  13,  14,  and  15,  just  mentioned,  emphasize 
a  common  error  made  in  comparing  natural  gas  transmission  lines  with 
railroad  transportation  systems,  and  the  fallacious  reasoning  therefrom 
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that  because  railroads  are  common  carrijers,  natural  gas  lines  can  also  be 
made  common  carriers. 

In  conclusion,  the  converting  of  natural  gas  transmission  lines  into 
common  carriers: 

1.  Presents  many  features  that  are  impossible,  and  none  that  are 
feasible  or  expedient. 

2.  Could  not  require  a  company  operating  a  pipe  line  to  pick  up  gas 
anywhere  along  its  line  and  take  it  to  a  market  except  under  the  legal, 
engineering,  and  economic  conditions  herein  defined. 

3.  Could  not  require  the  pipe>llne  company  to  find  a  market  for  the 
gas. 

4.  Would  so  disorganize  the  existing  business  as  to  make  it  impossible 
to  render  satisfactory  continuous  service  to  either  domestic  or  industrial 
consumers.  This  would  be  true  regardless  of  what  might  be  charged  for 
carrying  this  common  carrier  gas. 

5.  Would  make  the  consumers — especially  the  domestic — subordinate 
to  occasional  producers;  that  is,  to  men  who  have  no  intention  of  following 
the  business  of  hunting  for  gas  for  future  service,  but  would  be  interested 
only  in  finding  a  good  market,  at  the  expense  of  others,  for  such  gas  as 
might  be  found  as  a  result  of  an  occasional  venture. 

6.  In  all  cases,  where  tried,  will  impair  and  usually  destroy  the  cook- 
ing, heating,  and  lighting  service  of  the  domestic  consumer. 

7.  Would  greatly  increase  the  amount  of  gas  used  for  manufacturing 
purposes,  thus  hastening  the  day  when  natural  gas  will  be  merely  the 
memory  of  a  wasted  and  unappreciated  resource. 

8.  Could  be  based  only  on  distinctly  local  and  selfish  interests,  and 
would  have  to  ignore  entirely  the  broad  public  interest  in  an  effective 
and  continuous  service  and  a  future  generation's  equity  in  a  conserved 
fuel  supply. 
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The  Origin  of  Petroleum 

BT  DR.   HANS  VON  BGrEB,  VIENNA,   AX7STRIA 
TRANSLATED  BT  R.  W.  RAYMOND,  NEW  YORK,  N.  Y. 

(New  York  Meetinc.  February,   1914) 

Apart  from  the  hypothesis  of  a  cosmic  origin  (which  failed  of  accept- 
ance  because  it  was  not  adequately  supported  by  facts),  the  only  im- 
portant controversy  concerning  the  origin  of  petroleum  has  been,  for  a 
long  time,  between  the  advocates  of  inorganic  and  of  organic  origin  re- 
spectively. Each  of  these  theories  has  had  a  long  history  of  develop- 
ment, and  is  still  being  perfected,  under  the  influence  of  two  causes:  (1) 
the  increasingly  extensive  and  thorough  study  of  the  oil-fields  (of  which 
new  examples  are  periodically  discovered  and  opened) ;  and  (2)  the  prog- 
ress of  synthetic  experiments  devoted  to  this  question.  Moreover,  the 
advance  in  our  physical  and  chemical  knowledge  of  the  properties  of  this 
peculiar  natural  product  has  necessarily  modified  all  criticism  of  con- 
flicting views. 

I.  The  Hypothesis  of  Inorganic  Origin 

That  the  notion  of  an  inorganic  origin  of  petroleum,  first  set  forth  by 
Berthelot  in  1866,  and  afterward  ingeniously  developed  and  formulated 
by  Mendelejeff,  should  thus  have  proceeded  chiefly  from  chemists,  is  quite 
natural;  for  the  question  was  one  of  possible  chemical  processes  in  the 
earth's  interior,  and  of  imagined  chemical  reactions  to  be  verified  by  ex- 
periment. Hypotheses  of  this  kind  were  suggested  by  many  chemists,  of 
whom  two,  P-  Sabatier  and  J.  H.  Senderens,  may  be  specially  named  by 
reason  of  their  highly  interesting  chemical  experiments. 

Among  geologists,  Mendelejeff 's  hypothesis  was  received  at  first  with 
much  interest  and  favor;  for  it  rested  on  the  assumption  of  a  central 
terrestrial  mass  of  iron  carbide,  and  the  geologists  had  good  reasons  for 
adopting  that  assumption.  Yet  comparatively  few  of  them  attempted 
to  furnish  geological  proofs  of  the  hypothesis:  the  majority  either  silently 
believed  in  it,  or  for  one  or  another  reason  rejected  it  altogether. 

An  apparently  weighty  support  of  Mendelejeff 's  view  was  furnished  by 
the  American,  G.  F.  Becker,  who  found  in  the  oil-regions  of  the  United 
States  important  and  abnormal  disturbances  of  the  isogons  of  terrestrial 
magnetism,  and  inferred  that  in  these  regions  the  central  iron  mass  must 
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come  nearer  to  the  surface  than  elsewhere.  To  my  mind,  the  better 
explanation  is,  that  in  these  oil-fields  great  quantities  of  magnetic  iron 
have  been  placed.  All  iron  pipes,  especially  when  set  vertically  and 
hammered,  notoriously  become  magnetic;  and  this  is  the  case  with  the 
tubings  of  the  oil-wells — sometimes  to  such  a  degree  that  iron  screws, 
lowered  by  ropes  into  the  bore-holes,  are  so  strongly  attracted  by  the 
iron  linings  that  they  stick  fast,  and  will  not  descend  further.  Moreover, 
the  disturbances  of  the  isogons  are  not  uniform — a  circumstance  easily 
explained  by  the  varying  amount  of  iron  tubes.  Finally,  violent  irr^u- 
larity  of  these  curves  is  shown  in  places  where  deposits,  either  of  oil  or  of 
magnetite,  are  not  known. 

Mr.  Becker's  conclusions  were  disputed  by  W.  A.  Tarr  for  other 
reasons.^ 

The  most  zealous  advocate  in  America  of  the  inorganic  origin  of  peiro* 
leum,  so  far  as  I  know,  is  Eugene  Coste,  of  Toronto,  who  has  collected 
with  praiseworthy  industry  all  the  facts  which  support  this  hypothesis. 
To  give  to  his  many  arguments  the  serious,  thorough,  and  critical  exami- 
nation which  they  deserve,  is  the  principal  purpose  of  the  present  paper, 
as  will  be  seen  further  on. 

During  recent  decades,  nq  European  geologist  of  authority  has  advo- 
cated the  inorganic  origin  of  the  petroleum  occurring  in  large  deposits. 

II.  The  Hypothesis  of  Organic  Origin 

As  regards  organic  origin,  the  view  may  first  be  mentioned,  that  pe- 
troleum is  the  product  of  distillation  from'coal — ^from  which,  in  fact,  arti- 
ficial distillation  had  obtained  photogene  and  other  products  having  con- 
siderable physical  resemblance  to  kerosene.  This  view  was  first  ex- 
pressed in  Europe  by  P.  von  Beroldingen  (1778).  Von  Kobell,  Anstedt, 
Leon  Malo,  Romanowsky,  Noeggerath,  Huguenet,  v.  Hochstetter  and 
others  accepted  the  hypothesis;  but  the  proofs  adduced  by  v.  Beroldingen 
were  soon  recognized  as  inadequate.  Since  petroleum  often  occurs  not 
underlain  by  coal-beds — occurrences  of  coal  and  oil  being,  in  fact,  usually 
(as  on  the  northern  border  of  the  Carpathians)  mutually  exclusive; — ^and 
since,  moreover,  the  distillation-products  of  coal  are  entirely  different 
from  petroleum  chemically  (as  Baron  Reichenbach  proved,  as  early  as 
1833),  this  h3rpothesis  had  to  be  abandoned.  So  far  as  I  know,  it  received 
no  support  in  America,  because  in  Pennsylvania,  the  mother-land  of  the 
oil-industry,  there  were  no  coal-beds  under  the  deposits  of  oil. 

Animal  Origin 

Hypotheses  of  an  organic  origin  were  thus  narrowed  to  the  direct 
transformation  of  animals  or  plants  to  petroleum.  Already  in  1794, 
Haquet  suspected  that  the  oil  of  Galicia  came  from  marine  mussels,  "dis- 
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solved  "  in  salt  water.  L.  v.  Buch,  Quenstedt,  Volger,  Naumann,  Duf re- 
noy,  Posepny,  Verbeck,  Fennema,  and  many  other  eminent  geologists,  ac- 
cepted this  hypothesis,  mostly  in  view  of  the  circumstance  that  the  bitu- 
minous rocks  carry  the  fossil  remains  of  animals.  Bertils  found  in  the 
Kuban  district  of  southern  Russia,  in  a  bunch  of  mussel-shells,  a  substance 
partly  "petroleous,"  partly  animal  remains  still  undecomposed.  R.  A. 
Townsend  reported  a  similar  observation  from  the  Tertiary  oyster-banks 
of  Assam,  in  Asia.  Ch.  £nab  somewhat  extended  the  hypothesis;  and  in 
North  America  it  found  in  Whitney,  for  the  petroleum  of  California,  and 
the  brilliant  Sterry  Hunt,  for  the  oil-deposits  in  the  ancient  limestones  of 
Canada,  Pennsylvania,  and  Ohio,  its  most  influential  advocates,  with 
whom  others  allied  themselves. 

When,  in  1876,  I  visited  the  oil-fields  then  under  exploitation  in  the 
eastern  United  States  and  Canada,  the  question  of  the  genesis  of  these  de- 
posits received 'my  earnest  attention.  I  adopted  the  hypothesis  of  their 
animal  origin,  and  in  my  report  of  this  journey,  entitled.  Die  Petroleum-' 
industrie  Nordamerikas,  I  briefly  argued  in  its  favor.  Since  that  report 
was  the  first  account  given  in  the  German  language  of  the  geological, 
technical,  and  commercial  features  of  this  interesting  and  economically 
important  field,  the  hypothesis  of  animal  origin  (as  well  as  the  theory  of 
anticlinals,  advocated  by  me)  was  tested  by  observations  in  the  European 
oil-fields,  and,  confirmed  by  geologists  such  as  Tietze,  Paul,  Uhlig,  0. 
Fraas,  v.  Giimbel,  H.  Credner,  C.  Snken,  and  many  others,  it  continued 
to  win  more  and  more  advocates. 

In  1888  appeared  my  book.  Das  Erddl  und  seine  Verwandten,  in  which 
I  examined  critically  all  the  genetic  hypotheses  known  to  me,  and  not  only 
demonstrated  that  of  animal  origin,  but  pointed  out  certain  important 
factors  in  the  process  of  transformation,  particularly  the  comparatively 
low  temperature  and  high  pressure,  as  indicated  by  geological  evidence. 
An  important  landmark  in  genetic  hypothesis  was  thus  established, 
furnishing  for  the  guidance  of  sjmthetic  experiments  two  important  con- 
ditions of  the  transformation  of  animal  bodies  into  petroleum. 

A  few  weeks  later,  C.  Engler,  of  Karlsruhe,  tested  my  theses  ex- 
perimentally, by  heating  in  retorts,  under  a  pressure  of  10  atmospheres, 
and  to  a  temperature  of  from  300**  to  400**  C.,*  first  fish-oil,  and  afterward 
fishes  and  mussels.  He  obtained  in  this  way  a  product  very  like  petro- 
leum, from  which  he  isolated  several  members  of  the  methane  series.  My 
hypothesis,  thus  further  corroborated,  became  a  theory,  known  as  the 
Engler-Hofer  theory,  since  both  of  us  had  equally  contributed  to  its 
establishment.  It  won  the  support  of  chemists  as  well  as  geologists — 
whose  numerous  names  it  is  not  necessary  to  catalogue  here. 

*  It  ia  well  known  that  time  may  replace  temperature,  bo  that  natiire  performed 
the  transformation  at  lower  temperature.  Moreover,  processes  of  fermentation  are 
invoWed,  and  these  often  produce  very  high  temperatures. 
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It  is  noteworthy  that  the  geologist  and  the  chemist  must  co-operate 
in  the  solution  of  genetic  problems  in  geology — the  former  by  investigat- 
ing the  natural  conditions  attending  a  given  formation,  while  the  latter 
synthetically  performs  the  process  itself.  Only  when  thus  confirmed  is 
the  theory  adequately  established. 

Vegetable  Origin 

A  great  additional  service  rendered  by  C.  Engler  was  his  tireless  labor 
through  many  years  in  the  investigation  of  the  various  transformations 
undergone,  up  to  the  present  time,  by  the  original  materials  and  primary 
forms  of  petroleum — a  labor  which  still  further  perfected  the  Engler- 
Hofer  theory.  These  investigations  showed  that  vegetable  fats  also,  by 
dry  distillation  under  high  pressure  and  at  comparatively  low  tempera- 
ture, could  be  transformed  into  petroleum,  as  American  chemists  (Warren 
and  Stoner,  Sadtler,  etc.)  had  already  proved.  Our  theory  could  there- 
fore be  extended  to  include  those  plants  which,  like  animals,  contain  fats 
and  albumens,  but  no  cellulose — namely,  the  microscopically  small  di- 
atoms. T.  Fegraus  and  A.  F.  Stahl,  who  first  pointed  out  this  source  of 
petroleum,  were  followed  by  G.  Kramer  and  A.  Spilker,  and,  still  later, 
by  Potoni6.  This  hypothesis  is  applicable  only  where,  as  in  California, 
the  minute  and  delicate  siliceous  shells  of  these  fossil  algSB  occur  in  connec- 
tion with  oil-deposits. 

Many  American  geologists  and  chemists  like  Lesley,  Newberry,  Ash- 
burner,  Shaler,  Orton,  Peckham,  Mabery,  etc.,  had  already  either  advo- 
cated a  common  animal  and  vegetable  origin,  or  (like  the  two  highly 
esteemed  investigators  last  named)  assigned  an  animal  origin  to  the  nitrog- 
enous California  product,  and  a  vegetable  one  to  the  non-nitrogenous 
oil  of  Pennsylvania.  The  contrary  appears,  however,  to  be  the  truth, 
since  the  diatoms  are  found  in  Californian,  and  not  in  Pennsylvanian, 
oil-fields.  Probably  the  advocates  of  the  double  origin  were  not  think- 
ing of  the  microscopic  vegetable  forms  at  all;  they  speak  in  a  general 
way  of  "plants."  But  the  more  highly  organized  plants  contain  cellu- 
lose, which  would  leave  after  distillation  a  carbonaceous  residuum,  such 
as  is  not  found  in  petroleum  and  its  deposits.  For  this  reason,  the  above, 
hypothesis,  once  so  generally  favored,  could  not  be  finally  accepted. 

According  to  our  present  knowledge j  the  original  material  of  petroleum 
is  principally  fat,  and  svbordinately  wax,  resin,  and  aJhumen.  These 
substances,  especially  fat  and  albumen,  occur  chiefly  in  both  the  lower  and 
the  higher  animal  organisms.  Petroleum,  therefore,  is  mainly  of  animal 
origin,  though  it  may  have  been  formed,  here  or  there,  from  fatty  plants, 
particularly  diatoms. 

The  foregoing  is  a  brief  review  of  the  development  and  present  condi- 
tion of  our  knowledge  on  this  subject.     In  Europe^  as  in  America,  most 
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geologists  and  chemists  hold  to  the  organic  genesis  of  petroleum,  and  L.  V. 
Dalton,'  in  his  thorough  essay,  declares  himself  an  adherent  of  the  Engler- 
Hofer  theory. 

III.  The  Hypothesis  of  Volcanic  Origin 

As  already  observed,  Eugene  Coste,  of  Toronto,  seems  to  be  the  most 
zealous  American  defender  of  the  inorganic  origin  of  petroleum.  Three 
of  his  papers  on  this  subject  lie  before  me:  (1)  The  Volcanic  Origin  of 
Oil  {Trans.,  xxxv,  1904,  p.  288);  (2)  The  Volcanic  Origin  of  Natural  Gas 
and  Petroleum  {Journal  of  the  Canadian  Mining  Institute,  vol.  vi,  1903,  p. 
73),  and  (3)  Petroleums  and  Coals  Compared  in  Their  Nature,  Mode  of 
Occurrence  and  Origin  {idem,  vol.  xii,  1909,  p.  273).  He  sees  in  petro- 
leum "the  product  of  volcanic  solfataric  emanation.''  In  the  following 
critical  examination  of  his  proofs,  I  refer  chiefly  to  the  interesting  paper 
last  named,  which  is  the  most  recent,  and,  moreover,  takes  account  of  the 
arguments  previously  stated  in  the  two  others. 

I  must  express  in  advance  my  surprise  at  his  statement  (p.  275) : 
"The  petroleum  series  includes  all  the  natural  hydrocarbons  with  the 
exception  of  the  marsh  gas."  This  hydrocarbon  is  found  in  every  petro- 
leum, though  it  escapes  as  a  gas  very  rapidly,  as  soon  as  the  oil  is  exposed. 
Of  natural  gas,  it  is  generally  the  essential  constituent. 

The  Proofs  Advanced  by  Coste 

Mr.  Coste  says  in  one  of  his  papers:  "The  vital  point  is  to  actually 
show  the  carbon  and  hydrocarbon  in  the  igneous  rocks,  lavas  and  emana- 
tions proceeding  from  these  internal  fluid  magmas." 

As  illustrative  instances,  he  cites  (on  p.  278  and  following  pages  of 
his  latest  paper)  the  following: 

1.  ''Oil  in  crystalline  gneiss:  In  Plaoerita  Canyon,  five  miles  east  of  Newhall, 
Los  Angeles  county,  California,  a  very  light  oil,  almost  naphtha,  of  a  gravity  between 
50*^  and  60**  B.,  is  produced  from  crystalline  gneisses  which  overlay  the  San  Gabriel 
granite." 

According  to  the  investigations  of  G.  H.  Eldridge  and  Ralph  Arnold, 
this  so-called  crystalline  gneiss  is  not  gneiss  at  all,  but  a  metamorphic 
crystalline  schist,  perhaps  Jurassic,  and  hence  by  no  means  an  Archsean 
rock  which  could  possibly  be  regarded  as  eruptive.  It  is  a  metamor- 
phosed sedimentary,  and  can  give  Mr.  Coste  no  help — ^rather  the  contrary. 
The  oil  of  this  locality  may  be  in  its  primary  deposit,  or,  more  probably, 
it  may  have  found  its  way  thither  from  the  neighboring  Tertiary  oil-field. 

2.  "Oil  and  bitiunen  in  the  quicksilver  deposits  of  California." 

*  Economic  Geology,  vol.  iv,  No.  7,  p.  608  (Oct.-Nov.,  1909). 
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« 

Being  unacquainted  with  the  geological  relations  of  that  district,  I 
can  oflfer  no  suitable  explanation  orthis  occurrence,  and  will  only  remark 
that  these  bitumens  may  have  been  extracted  and  transported  from  deeper 
bituminous  rocks  by  the  ascending  ore-bearing  solutions.  Spirek  ascribes 
to  bituminous  rocks  the  occurrence  of  bitumen  in  the]  Tuscan  quicksilver 
mines.  Since  the  bitumens  occur  very  seldom  in  ore-deposits — particu- 
larly in  deep-seated  veins, — ^they  cannot  be  regarded  as  a  general  product 
of  deep  volcanic  zones.  They  must  have  a  purely  local  cause.  At  all 
events,  such  scanty  occurrences  of  bitumen  of  all  sorts  prove  nothing  as 
to  the  formation  of  rich  petroleum-deposits.  This  has  been  emphasized 
by  Prof.  Dr.  L.  Mrasec,  of  Bukarest,  who  is  inclined,  moreover,  not  to 
admit  a  deep  source  for  the  rare  occurrences  of  bitumen  in  ore-deposits. 

3.  "  Graphite  and  natural  gas  in  the  metalliferous  vein  of  Silver  Islet,  and  graphite 
in  the  veins  at  Cobalt  and  Ducktown,  Tenn." 

To  these  instances  also,  what  I  have  ahready  said  is  applicable.  No 
one  would  dare  to  infer  from  the  sporadic  occurrence  of  graphite  in  mineral 
veins  that  deposits  of  graphite  are  of  volcanic  origin — still  less  when  (as 
in  the  Kaisersberg,  Styria)  the  graphite  is  accompanied  by  plant-fossils. 
It  seems  to  me  equally  audacious  to  argue  the  origin  of  the  great  deposits 
of  petroleum  found  in  sedimentary  rocks,  from  the  isolated  and  quite 
insignificant  occurrences  of  bitumen  in  veins. 

4.  "Solid  petroleums  in  pegmatite  dykes,  and  other  veins,  associated  with  uran- 
ium, radiimi  and  vanadium." 

We  are  here  concerned,  not  with  "solid  petroleum"  (a  contradiction 
in  terms,  since  petroleum  is  a  liquid),  but  with  a  bituminous  mineral,  the 
combustion  of  which  left  an  ash  which,  in  one  locality  not  named,  con- 
tained uranium,  and  in  another  place,  in  Peru,  contained  vanadium.  The 
remarks  already  made  under  (2)  and  (3)  are  applicable  here;  and  I  will 
only  add  that  petroleum  is  almost  entirely  free  from  ash. 

5.  "Graphite,  diamond  and  hydrocarbons  in  meteorites." 

This  phenomenon  bears  no  relation  to  the  origin  of  petroleum,  nor  is 
it  at  all  surprising,  since  in  the  original  cosmic  material  carbon  must  have 
been  present  (probably  as  carbonic  acid),  and  must  have  been  segregated 
in  the  meteoric  masses,  as  in  that  of  the  earth. 

6.  "Oil  and  natural  gas  in  volcanic  rocks  in  Europe,  Africa  and  Mexico." 

These  occurrences,  few  in  number  and  always  very  small  in  extent, 
may  be  due  to  coal-beds  or  bituminous  rocks  which  the  volcanic  eruptive 
broke  through,  distilling  out  and  absorbing  into  its  own  mass  some  oil  and 
natural  gas.  This  distillation  of  bituminous  material  has  long  been 
practiced  in  the  Scotch  shale-oil  industry. 

7.  "Natural  gas  in  serpentine,  Asiatic  Turkey"  (Chimaera). 
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Alexander  von  Humboldt  suggested  long  ago^  that  this  emission  of 
gas  might  be  connected  with  petroleum.  E.  Tietze/  who  studied  the 
phenomenon  on  the  spot,  adopts  this  view,  and  calls  attention  to  the 
neighborhood  of  the  so-called  "Flysch"  formation,  which  so  frequently 
carries  petroleum. 

8.  "The  occurrence  of  oil  around  volcanic  necks,  Mexico." 

This  proves  nothing,  since  the  mineral  oil  of  Mexico,  and  especially 
of  the  State  of  Tamaulipas,  named  by  Mr.  Coste,  is  widely  distributed, 
and  occurs  both  near  volcanic  necks  and  far  from  them.  Villarello,* 
Division-chief  of  the  Mexican  Geological  Institute,  and  one  of  those  best 
acquainted  with  the  oil-occurrences  of  Mexico,  concludes:  (a)  that  the 
oil  comes  from  a  marine  fauna;  and  (6)  that,  in  the  districts  explored 
hitherto,  it  is  found  only  in  secondary  deposits,  situated  in  highly  dis- 
turbed terrain,  connected  frequently  with  basaltic  eruptions.  Since  the 
volcanic  tuffs  are  highly  porous,  it  is  not  surprising  that  the  oil,  in  its 
migration,  should  accumulate  there  in  special  abundance. 

Of  all  the  foregoing  proofs  of  the  volcanic  origin  of  petroleum,  only 
two,  No.  1  and  No.  8,  are  really  pertinent  to  the  question  of  the  genesis 
of  valuable  deposits  of  oil.  The  rest  are  so  insignificant  that  they  prove 
nothing  as  to  the  production  of  oil  in  large  quantities,  and  have  for  us 
only  a  purely  scientific  interest.  And  the  two  exceptions,  adducing  the 
occurrence  of  petroleum  in  alleged  gneiss,  and  in  connection  with  volcanic 
necks,  have  been  shown,  I  think,  to  be  entirely  inadequate  as  proofs. 

As  a  logical  consequence  of  Mr.  Coste's  view,  deposits  of  petroleum 
should  alwayB  be  found  in  the  vicinity  of  volcanic  eruptions.  But  this 
is  not  the  fact.  In  the  Carpathians,  the  "outer  bend,''  through  Galicia, 
the  Bukowina,  and  Roumania,  is  free  from  eruptives  and  rich  in  oil, 
while  the  "inner  bend''  is  rich  in  eruptives  and  poor  in  oil.  At  Baku,  in 
Alsace,  and  in  North  Germany,  as  in  Canada,  New  York,  Pennsylvania, 
Ohio,  West  Virginia,  Louisiana,  Texas,  etc.,  there  are  no  eruptives  near 
the  rich  oil-deposits.  In  Java,  Sumatra,  Borneo,  and  Burmah,  the  oil- 
fields are  far  from  the  regions  of  eruptive  activity. 

These  weighty  facts,  completely  contradicting  the  volcanic  hypothesis, 
Mr.  Coste  seeks  to  deprive  of  force  by  the  assumption  that  oil  and  gases 
have  ascended  from  greater  depth  through  fissures,  and  thus  were  de- 
posited far  from  eruptive  masses.  But  it  is  remarkable  that  the  Hun- 
garian Carpathians  are  much  more  disturbed  than  those  of  Galicia  and 
Roumania,  and  are,  nevertheless,  poorer  in  oil — indeed,  for  the  most  part, 
contain  no  oil  at  all.  The  most  important  and  profound  disturbance  of 
the  Galician  Carpathians — the  so-called  Klippenzone — is  barren  of  oil, 

*  Koamas,  vol.  iv,  Observation  51. 

*  Jakrbueh  der  k.k,  geologischen  Retchsanaialij  Vienna,  vol.  xxxv  (1885). 

*  J.  D.  Villarelloin  Das  Erddlfhy  Engler  and  Hdfer,  vol.  ii,  pp.  643  and  650  (1909). 
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like  its  neighbor,  the  Weichselbruch,  The  Alps  are  traversed  by  deep 
faults  and  dislocations,  many  of  which  still  make  themselves  disagreeably 
felt  as  seismic  surfaces;  yet  no  noteworthy  oil-deposits  have  been  found 
among  them.  At  the  foot  of  the  Alps  on  the  north,  the  gas-springs  of 
Wels,  in  Upper  Austria,  are  found  in  quietly  deposited  and  undisturbed 
Miocene  strMa.  In  the  rich  oil-bearing  flat  anticlinals  of  Pennsylvania^ 
I  sought  in  vain  for  any  dislocations  worthy  of  mention;  and  not  one  of 
the  intelligent  "oil-men"  whom  I  met  could  point  me  to  any  such  thing. 
East  of  that  oil-region,  we  find  in  the  Appalachians  mighty  disturbances 
of  all  kinds — deep  fissures,  sharply  arched  anticlinals, — ^but  no  oil.  At 
Pechelbronn,  in  Alsace,  the  slightly  inclined  oil-bearing  sandstones  were 
formerly  mined  and  thus  thoroughly  explored,  without  the  discovery  of  a 
single  dislocation,  showing  that  the  oil  was  occupying  its  primary  place 
of  deposit.  K.  Kalickij'  proved  the  same  proposition  for  the  oil-occur- 
rences on  the  island  of  Tscheleken.  Even  the  photographs  accompanying 
his  paper  are  conclusive. 

The  Objections  Advanced  by  Coste 

In  order  to  weaken  objections  to  his  own  theory,  Mr.  Coste  urges*  the 
following  objections  to  the  theory  of  organic  origin: 

1.  ''It  cannot  possibly  explain  the  large  petroleum  fields  below  the  Carboniferous." 

Can  the  solfataric  hypothesis  do  that?  No:  Mr.  Coste's  proofs — 
except  No.  1  and  No.  8 — rest  wholly  upon  isolated  and  minute  occurrences 
of  bitumen.  No  one  has  ever  observed  at  a  solfatara  any  accumulation 
of  petroleum  worthy  to  be  mentioned.  On  the  other  hand,  F.  Quenstedt* 
has  shown  that  1  square  mile  of  the  bituminous  Posidonia  slates  of 
Suabia,  rich  in  animal  fossils,  contains  200  million  hundredweight  of  oil. 
In  other  words,  the  animal  remains  of  a  single  sedimentary  bed  can  furnish 
enormous  amounts  of  oil.  What  was  possible  after  the  Carboniferous 
era  may  have  been  possible  before  it  also.  Biological  activity  on  the 
earth  has  been  immense,  continuous,  and  widespread;  whereas  volcanic 
activity  has  been  local,  and  often  but  temporary,  discharging  here  and 
there  comparatively  insignificant  quantities  of  hydrocarbon  gases. 

2.  ''Neither  can  it  explain  the  petroleums  in  the  volcanic  emanations  of  today." 

No  considerable  quantity  of  hydrocarbon  has  ever  been  found  in  a 
solfatara.  And  where  one  or  a  few  per  cent,  have  been  found,  they  can 
be  referred  to  bituminous  strata  which  have  been  intersected.  Moreover, 
positive  reports  of  hydrocarbons  (usually  given  as  methane,  CHO  are  to 

'  Ueber  die  Lagerungsverhaltnisse  des  Erdols  auf  der  Insel  Celeken.     M&moireM 
du  Comiti  Giolagiquey  St.  Petersburg,  New  Series,  livraison  59  (1910). 
*  Journal  of  the  Canadian  Mining  InatiitUe,  vol.  xii,  p.  295  et  seq,  (1909). 
'  Einat  und  Jelzt,  p.  57. 
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be  received  with  caution.  The  gases  of  the  Hawaiian  volcano  Kilauea 
are  often  cited  as  an  example.  But  when  collected  directly  by  L.  Day 
and  £.  S.  Shephard^^  they  were  found  to  contain  no  hydrocarbons  at  all. 
So  this  proof  also  fails.  The  small  quantities  of  marsh-gas,  produced 
by  Brun  at  Geneva  through  the  heating  of  certain  lavas,  may  have 
formed  themselves  during  the  process  through  the  decomposition  of 
other  gases,  for  instance,  according  to  the  equation 

4  CO  +  8  H2  =  2  HaO  +  CO2  +  3  CH4. 

3.  Nor  can  the  organic  theory  explain  the  petroleums  ''in  the  volcanic  or  igneous 
rocks  in  all  parts  of  the  world." 

4.  "Nor  in  crystalline  rocks;  in  California  and  New  Brunswick,  for  instance." 

5.  "Nor  in  meteorites." 

6.  "Nor  in  metalliferous  veins." 

These  four  points  have  been  already  discussed,  and  shown  to  be  invalid. 

7.  "  It  is  also  at  a  loss  to  explain  why  the  petroleum  fields  in  every  district  are  found 
grouped  along  certain  lines  and  why  the  petroleums  are  found  there  in  many  horizons, 
while  outside  of  the  lines  in  just  the  same  strata  and  over  much  larger  areas  all  the 
horizons  are  barren." 

This  raises  the  comprehensive  question  of  the  structure  of  the  petro- 
leum-deposits, which  cannot  be  treated  within  the  limits  of  this  paper. 
I  will  only  say  briefly  that  the  oil  is  found  along  certain  lines,  because  it 
occurs  (1)  in  fissures,  (2)  in  folds,  and  (3)  in  long-drawn  channels  of  sand. 
The  fissures  are  directly  connected  with  the  primary  deposits.  In  folds, 
anticlines,  monoclines,  etc.,  the  position  of  the  oil  is  determined  by  the 
accompanying  natural  gas  and  water.  The  three  substances  arrange 
themselves  according  to  their  specific  gravity,  along  the  lines  and  surfaces 
presented  by  the  shape  of  the  fold.  If  the  oil-bearing  sands  occur  in  long, 
slender  bodies,  as  in  Alsace,  the  grouping  of  the  oil  "along  certain  lines" 
is  not  surprising.  Since  the  oil-deposits  are  coastal  formations  originating 
under  special  conditions,  it  is  comprehensible  that  they  cannot  follow 
throughout  the  same  geological  horizon. 

8.  "It  cannot  explain  either  how  the  petroleums  can  possibly  travel  out  of  their 
supposed  organio^emain  source  in  some  impervious  clay  or  shale  to  accumulate  in  a 
few  porous  receptacles  far  distant  laterally  and  sometimes  hundreds  and  thousands 
of  feet  above,  or  even  below  as  some  assert,  and  this  all  through  most  impervious 
rocks  and  without  any  impelling  force  behind,  or  any  cracks,  joints  or  fissures  to  fol- 
low since  the  decomposed  products  of  the  organisms  must  naturally  be  supposed  to 
come  from  the  whole  mass  of  the  strata  through  which  the  organisms  were  and  there 
could  not  be  fissures,  cracks  and  joints  to  all  parts  of  the  strata." 

If  I  understand  Mr.  Coste  correctly,  this  passage  is  directed,  not  so 
much  against  the  theory  of  organic  origin  as  against  the  hypothesis,  so 
popular  in  America,  of  the  regional  migration  of  petroleum.     In  this  re- 

^^  Journal  of  the  Washington  Academy  of  Sciences,  vol.  iii,  p.  476  (1913). 
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specti  I  heartily  agree  with  him.    I  too  maintain  that  the  migration  of 

oil  can  take  place  only  in  cracks,  joints,  and  fissures,  the  source  of  motive 

energy  being  (as  has  been  often  demonstrated)  the  accumulation,  in  the 

primary  deposit,  of  natural  gas  under  high  pressure. 

9.  "It  cannot  possibly  explain  why  the  petroleums^  although  found  today  in  their 
reservoir-rocks^  under  strong  pressures,  cannot  by  means  of  that  pressiure,  return  and 
disperse  back  to  their  original  sources;  they  should  be  able  to  return  the  way  they 
came,  nothing  is  to  prevent  them  and  there  is  plenty  of  pressure  for  the  return  voyage 
if  one  admits  the  first  voyage  from  the  organic  source." 

This  question  might  be  applied  to  Coste's  hypothesis  also.  As 
already  remarked,  petroleum  is  driven  by  gas-pressure  to  a  considerable 
altitude  in  fissures;  and  its  removal  leaves  in  the  original  deposit  a  space 
in  which  the  gases  collect  and  keep  the  oil  above  them,  as,  for  instance, 
in  the  so-called  inverted  siphon,  when  partly  emptied,  the  entrance  of 
carbonic  acid  gas  continues  to  maintain  the  height  of  the  water  in  the 
discharge-pipe. 

10.  This  objection,  based  on  alleged  features  of  the  occurrence  of 
petroleum  in  California,  I  must  leave  to  my  esteemed  colleagues, 
Ralph  Arnold,  B.  Anderson,  G.  H.  Eldridge,  and  other  distinguished 
investigators  of  the  oil-geology  of  that  State.  It  will  possess  for  them 
no  difficulty. 

11.  "It  cannot  possibly  explain  again,  if  the  petroleums  can  travel  so  freely  through 
the  strata  as  to  be  able  to  accumulate  under  an  anticline  from  organic  remains 
deposited  far  and  wide  laterally  (at  least  a  mile  or  two  or  much  more  in  order  to  allow 
for  the  quantities  obtained  in  many  fields),  why  they  did  not  escape  out  into  the  free 
air  only  a  few  hundred  or  a  few  thousand  feet  away  at  most;  the  shales  above  the  sands 
are  not  any  more  impervious  than  the  shales  below  the  sands,  which  on  that  theory 
are  supposed  to  be  the  source  of  the  petroleums,  and  if  they  can  travel  freely  through 
the  shales  which  are  the  most  impervious  rocks  of  the  sedimentary  series,  I  repeat, 
what  is  to  prevent  them  from  getting  out  into  the  atmosphere?" 

This  question  properly  concerns,  not  the  organic  origin  of  petroleum, 
but  a  hypothesis  of  its  migration,  advanced  to  explain  the  formation  of 
productive  deposits — a  hypothesis  which  I  reject,  holding  that  petroleum 
originated  in  the  sands  in  which  it  is  found,  unless  it  has  passed  through 
fissures  to  other  sand-strata. 

12.  "It  cannot  account  for  the  continual  absence  of  petroleums  in  the  hard  parts 
of  organisms  preserved  in  the  sedimentary  strata." 

Oil  can  be  formed  from  the  soft  parts  of  animals  under  certain  con- 
ditions only,  among  which  is  the  exclusion  of  air.  We  find  on  the  sea- 
shore many  hard  parts,  such  as  shells  and  skeletons,  of  marine  animals, 
from  which  their  organic  contents  have  totally  disappeared,  having  been 
destroyed  by  the  oxygen  of  the  air.  Since  this  generally  finds  access  to 
dead  animal  matter,  we  find  the  hard  parts  without  oil  very  frequently, 
and  oil  itself  infrequently  in  comparison,  because  only  under  special 
favoring  conditions. 
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13.  "It  cannot  explain  the  evident  non-conneotion  of  petroleum  deposits  with 
coal-beds." 

Since  the  latter  are  land-formations  from  plants  containing  cellulose, 
while  the  former  are  marine  estuary-formations  from  animal^remains, 
there  can  be  no  connection  between  the  two  organic  processes  or  their 
products. 

14.  "It  cannot  account  for  the  continual  association  of  petroleums  with  strong 
salt  and  sulphur  waters." 

Since  the  original  materials  of  petroleum  accumulated  in  marine  bays, 
having  but  limited  relations  with  the  ocean,  the  presence  of  strong  salt 
water  is  not  surprising,  but  constitutes,  on  the  contrary,  a  proof  of  our 
theory.  Sea-water  is  known  to  contain  sulphates  also,  which,  in  the 
process  of  oil-formation,  can  be  reduced  to  sulphides,  or  even  to  sulphur. 
As  a  marine  formation,  petroleum  may  be  accompanied  by  salt,  gypsum, 
calcite,  and  dolomite;  and  this  explanation  of  their  presence  seems  to  be 
more  natural  than  that  of  a  volcanic  source. 

Further  Considerations 

I  have  thus  answered  in  detail  both  Mr.  Coste's  objections  to  the  or- 
ganic, and  his  arguments  for  the  inorganic,  origin  of  petroleum.  The 
latter,  however,  constitute,  strictly  speaking,  an  incomplete  statement; 
for  he  contends  only  that  petroleum  was  brought  by  solfataras  into  the 
cooler  parts  of  the  earth's  crust.  Concerning  the  questions,  out  of  what 
and  flow  it  was  formed,  he  is  entirely  silent.  His  explanation,  even  if  we 
were  able  to  accept  it  as  correct,  goes  only  half  way,  like  those  of  his 
predecessors,  Lenz  (1831),  Rozet  (1835),  S.  W.  Pratt  (1846),  Choucourtois 
(1863),  Thore  (1872),  Fuchs  and  Sarasin.  It  is  at  best  a  plant  without  a 
root. 

Even  if  we  had  proved,  or  should  hereafter  prove  (as  has  never  yet 
been  done),  the  presence  in  solfataras  of  large  quantities  of  marsh-gas, 
CH4,  such  gas  would  stream  into  the  air,  without  forming  petroleum. 
Besides,  we  know  of  no  process  by  which  CH4  can  be  converted  into  the 
higher  members  of  the  paraflSne  series,  or  any  member  of  the  naphtha 
series.  This  circumstance  likewise  deprives  the  very  rare  occurrence  of 
CH4  in  ore-deposits  or  volcanic  rocks,  of  all  significance  as  to  the  origin 
of  petroleum. 

As  a  sincere  friend  of  the  petroleum  industry,  I  am  heartily  sorry  that 
I  must  reject  Mr.  Coste's  emanation-theory;  for,  if  it  were  true,  we  might 
expect  our  petroleumnsupply  to  prove  inexhaustible,  new  quantities  being 
continually  furnished  by  solfataric  activity.  Unfortunately,  that  is  not 
the  case. 

Mr.  Coste  mentions  an  occurrence  of  hot  water  with  petroleum  in 
Texas.    This  is  a  purely  accidental  phenomenon; since  neither  in  the  great 
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Yellowstone  region  of  thermal  springs  nor  in  any  of  the  European 
hot  springs  has  petroleum,  or  even  marsh-gas,  been  observed. 

Why  are  oil-deposits  lacking  in  the  highly  fissured  true  Archaean  rocks 
of  Scandinavia,  Bohemia,  the  central  Alps,  the  Appalachians,  etc.;  and 
why  do  they  appear  first  in  the  sedimentaries  deposited  at  a  time  when 
the  earth  had  become  populated  with  organisms?  This  can  be  construed 
only  as  a  proof  of  the  organic  origin  of  petroleum. 

If  this  oil  had  ascended  from  great  depths,  it  would  have  impregnated 
all  porous  strata.  But,  on  the  contrary,  we  find  repeatedly,  between  two 
oil-bearing'  horizons,  porous  rocks  containing  no  oil,  like,  for  example, 
the  Jamna  sandstone  in  the  Galician  Carpathians.  Underlying  the  oil- 
sands  themselves,  there  are  porous,  yet  barren,  rocks. 

If  petroleum  were  the  product  of  distillation  at  high  temperature,  it 
could  not  contain  any  primary  paraffine,  and  it  would  be  richer  in  olefins. 
Neither  of  these  conclusions  is  confirmed  by  the  facts. 

The  occurrence  of  free  nitrogen  (not  in  the  form  of  air)  in  many 
petroleums  and  (often  in  considerable  amount)  in  natural  gas,  cannot  be 
explained  by  any  volcanic  hypothesis,  but  furnishes  another  strong  proof 
of  organic  origin.  The  same  may  be  said  of  the  optical  properties  of 
petroleum,  and  of  the  presence  of  cholesterin,  which  seems  to  be  a  con- 
dition of  the  polarization,  and  is  a  special  indication  of  animal  origin. 
Moreover,  the  high-molecular  pyridin  bases,  observed  in  many  oil- 
regions  (Galicia,  Alsace,  Baku,  Fergana,  Roumania,  Sumatra,  California, 
Egypt,  Algiers)  speak  conclusively  against  a  volcanic,  and  in  favor  of  an 
organic — particularly  an  animal — origin.  The  general  chemical  charac- 
ter of  petroleum  as  an  unstable  mixture  of  hydrocarbons  bears  similar 
testimony  against  any  supposed  pyrogenic  process  at  high  temperature. 


All  geological  and  chemical  facts  concerning  the  occurrence  of  petro- 
leum bear  unanimous  witness  in  favor  of  its  organic  origin,  and  hence 
conclusively  against  its  production  from  inorganic  substances,  and  the 
collateral  hypothesis  of  emanation.  The  doctrine  of  the  volcanic  origin 
of  petroleum  deposits  must  therefore  be  pronounced  to  lack  scientific 
foundation. 

To  demonstrate  this  fact  in  a  review  of  the  publications  of  Mr.  Coste, 
one  of  the  most  meritorious  and  zealous  representatives  of  that  hypothesis, 
has  been  the  purpose  of  the  foregoing  remarks.  Hence  I  have  adduced 
proofs  of  organic  origin  only  so  far  as  they  contradicted  the  opposite  view. 
For  a  detailed  exposition  and  defense  of  the  former  theory,  I  refer  to  my 
two  books:  Das  Erdol  und  seine  Verwandten  (3d  ed.,  published  by  View^ 
at  Braunschweig  in  1912),  and  Die  Geologiej  Gewinning  und  der  Transport 
des  Erdols  (published  by  Hirzel  at  Leipzig  in  1909),  the  latter  of  which 
constitutes  vol.  ii  of  the  comprehensive  monograph  issued  by  Engler 
and  myself  under  the  title.  Das  Erdol. 
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Discussion 

A.  F,  Lucas,  Washington,  D.  C. — I  have  long  held  the  opinion 
that  igneous  rock  in  the  form  of  laccoliths,  batholiths,  or  sills  may  under- 
lie the  salt  domes  of  Louisiana,  Texas  and  elsewhere,  and  have  advanced 
the  hypothesis  of  the  volcanic  origin  of  these  domes.  In  the  face  of  the 
apparently  conclusive  arguments  presented  by  such  authority  as  Prof. 
H.  v.  Hofer,  it  takes  much  courage  or  almost  convincing  proofs  to  still 
advocate  such  an  hypothesis,  but  when  one  travels  over  the  Coastal 
Plains  of  Texas,  Louisiana,  and  Mexico,  one  needs  still  more  courage, 
as  there  are  certainly  no  visible  evidences  of  vulcanism  for  hundreds  of 
miles,  only  perfect  and  level  plains  of  unconsolidated  sedimentary 
materials. 

Over  these  plains  there  rise  some  elevations  of  various  heights  which 
by  comparison  with  the  wide  extent  of  the  plain  may  be  likened  to  a  pin 
prick  on  the  floor  of  this  room.  A  series  of  these  elevations  appearing  in 
perfect  alignment  northwest  to  southwest  are  now  known  as  the  Salt 
Islands  in  Louisiana,  and  others  scattered  through  the  Coastal  Plain 
are  known  as  hills,  mounds,  or  domes.  On  some  of  these  elevations 
there  exude  from  low  depressions  solfataric  emanations  from  pools  of 
acidulated  water,  while  on  others  there  are  no  indications  of  disturbances 
coming  from  below. 

I  pioneered  the  drilling  on  all  these  islands  and  most  of  the  domes 
and  invariably  found  them  to  be  underlain  in  whole  or  in  part  by  salt 
masses.  This  is  the  case  also  at  Belle  Isle,  Anse  la  Butte,  Spindletop, 
Bryan  Rights,  etc.,  on  whose  domes  oil  and  sulphur  were  also  found. 

On  Belle  Isle  strong  indications  of  solfataric  emanations  were  more 
apparent  than  on  other  domes  of  the  series,  and  therefore  this  property 
was  more  extensively  exploited  than  any  other,  with  the  exception  of 
Spindletop,  first  for  salt,  and  then  for  oil. 

I  have  held  the  opinion  with  Mr.  Coste  that  the  emanations  of  gas 
through  these  domes  constitute  evidences  of  volcanic  origin,  and  I  have 
in  consequence  been  desirous  of  making  a  practical  demonstration  to 
prove,  if  possible,  whether  or  not  the  salt  masses  of  the  Coastal  Plains 
rest  on  volcanic  plugs.  Accordingly  I  induced  I.  N.  Knapp  to  drill  a 
deep  test  well  to  ascertain,  first,  the  total  depth  or  thickness  of  the 
salt  mass,  and  second,  the  character  of  the  rock  formation  upon  which 
the  salt  rests. 

This  was  easily  said,  but  not  easily  done,  as  in  one  of  the  early  bore 
holes  drilled  by  me  some  18  years  ago  at  Jefferson  Island,  for  Joseph 
Jefferson,  drilling  was  carried  to  a  depth  of  2,100  ft.  without  passing 
through  the  salt.  The  total  thickness  of  pure  rock  salt,  as  far  as  explored, 
was  nearly  1,900  ft. 
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Since  the  drilling  of  the  discovery  well  by  me  on  Spindletop,  a  salt 
dome,  in  1901 ,  creating  a  new  precedent  in  oil  exploration  on  the  Coastal 
Plains,  many  attempts  have  been  made  to  find  oil  by  drilling  on  all  sorts 
of  elevations,  however  slight,  in  hope  to  strike  another  Spindletop,  which 
was  only  12  ft.  above  the  surrounding  prairie.  In  most  instances  the 
drill  encountered  either  rock  salt  or  dolomite  which  continued  to  con- 
siderable depth.  As  oil  was  not  supposed  to  be  present  below  these 
substances,  the  drill  was  stopped  and  the  well  abandoned. 

There  was  therefore  at  that  time  no  precedent  at  hand  and  no 
geologist  willing  or  able  to  advance  a  possible  hypothesis  as  to  how 
deep  the  salt  mass  may  continue,  or  upon  what  kind  of  rock  it  might 
rest. 

Many  theories  and  hypotheses  have  been  advanced  by  students  or 
geologists  to  account  for  the  origin  of  these  wonderful  salt  masses.  In 
studying  the  interior  of  salt  mines  which  have  been  carried  to  a  depth 
of  several  hundred  feet,  and  also  in  considering  the  perimeter  of  the  salt 
domes,  one  cannot  help  concluding  that  the  salt  was  not  deposited  by 
evaporation,  but  must  have  been  deposited  by  saline  waters  ascending 
from  great  depths.  In  looking  over  a  vaulted  chamber  in  a  salt  mine  of 
the  Coastal  Plains  one  is  struck  by  the  dazzling  whiteness  of  the  salt, 
which  is  interspersed,  however,  by  dark  streaks  resembling  the  grain  of 
oak  or  chestnut.  These  dark  streaks  are  caused  by  very  fine  grains  or 
stringers  of  gypsum,  making  it  appear  as  if  the  whole  mass  was  at  one 
time  in  a  plastic  condition. 

The  Knapp  well  at  Belle  Isle  passed  through  the  salt  at  about  2,900 
ft.  and  then  continued  in  calcareous  rock  to  a  depth  of  3,171  ft.  At 
this  point  the  drill  encountered  a  formation  so  hard  that  no  impression 
could  be  made  with  the  ordinary  fishtail  bit  and  consequently  no  sample 
of  the  rock  could  be  obtained.  While  endeavouring  to  obtain  a  diamond 
drill  outfit,  the  well  (which  was  at  that  time  in  great  distress  owing  to 
gas  pressure  and  caves)  was  lost  and  no  other  deep  well  has  been  drilled 
since  that  time. 

The  information  this  well  gave  is  or  should  be  gratifying,  for  although 
it  failed  to  furnish  a  sample  of  the  hard  rock  at  3,171  ft.,  it  is  likely  that 
it  would  have  proved  to  be  an  igneous  rock,  probably  basalt,  for  in  all 
my  experience  no  sedimentary  rock,  even  a  hard  limestone,  would  have 
worn  the  drill  as  this  rock  did.  A  new  and  very  hard  drill  was  repeatedly 
lowered  and  efforts  made  to  drill  into  it,  but  with  the  same  result. 

This  well  has,  however,  established  certain  facts,  to  wit:  (1)  the  total 
depth  of  the  rock  salt,  a  thing  heretofore  unknown;  (2)  that  oil  and  gas 
under  heavy  pressure  exist  under  the  salt;  and  (3)  the  existence  and 
beginning  of  a  very  hard  formation,  necessitating  better  drills  than  the 
best  fishtail  bit  then  in  use  (possibly  a  Sharp  &  Hughes  drill  might 
cope  with  the  situation,  and  if  not  that,  the  Calyx  drill,  or  even  a  diamond 
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drill);  (4)  that  the  depth  so  far  attained  is  not  at  all  beyond  limits  of 
economic  drilling  as  practiced  to-day,  and  that  with  a  proper  drilling 
outfit  and  heavy  casing  a  station  could  be  made  to  set  the  casing  on  the 
extreme  bottom  in  order  to  proceed  unhampered  by  gas  and  caves  through 
a  greater  depth,  say  at  least  6,000  ft.  This  would  give  a  latitude  of  nearjy 
3,000  ft.  of  territory  still  to  be  explored;  and  in  a  aone  of  such  wonderful 
activity  very  important  facts  may  be  brought  to  light  which  may  prove 
conclusively  whether  or  not  petroleum  comes  from  igneous  rock  and 
consequently  is  of  volcanic  origin. 

Through  the  many  holes  drilled  on  this  dome  to  ascertain  the  dip  of 
the  salt,  there  were  invariably  encountered,  overlying  the  salt,  lenses  of 
limestone  containing  from  10  to  35  per  cent,  of  sulphur.  In  some  in- 
stances the  drill  dropped  several  feet,  thus  showing  that  the  limestone 
is  cavernous.  This  is  also  evidenced  by  the  fact  that  in  some  wells 
many  wheelbarrows  of  clay  were  dumped  in  the  hole  in  the  effort  to  get 
return  of  the  drill  water. 

Nearly  the  whole  mass  of  the  salt  seems  to  have  been  impregnated 
with  gas  and  oil  globules,  which  are  often  visible  without  the  aid  of  a 
lens.  In  emptying  a  bailer  of  its  fragment  of  salt  into  a  trough,  the 
fragments  in  liquefying  would  pop  like  so  many  jumping  jacks,  proving 
'that  the  salt  containing  the  gas  and  oil  is  under  heavy  pressure. 
Throughout  the  drilling  of  this  well  gas  under  heavy  pressure,  oil,  impure 
gypsum,  anhydrite,  and  sulphur  were  obtained,  and  at  a  depth  of  2,745 
ft.  a  ledge  of  magnetic  iron.  Where  did  this  magnetic  iron  come  from? 
Certainly  not  from  the  outside  of  the  dome,  which  is  surrounded  and 
hemmed  in  by  muck  sand,  gumbo,  gravel,  etc. 

The  cost  of  a  well  like  this  was  of  course  high,  because  one  did  not 
know  what  to  expect  next,  but  now  within  the  limit  of  depth  attained 
by  this  well  the  cost  would  be  considerably  less,  and  if  proper  prepara- 
tions were  made  the  drilling  of  a  well  to  say  a  depth  of  6,000  ft.  would  not 
be  excessive,  considering  the  possible  results  that  might  be  attained. 

William  C.  Phalen,  Washington,  D.  C. — What  is  the  approximate 
thickness  of  calcium  carbonate  and  gypsum  after  you  passed  through  the 
salt? 

A.  F,  Lucas. — We  have  the  data;  to  wit,  from  2,900  to  3,171  ft. 

William  C.  Phalen. — It  seems  to  me  that  these  are  normal  solutions  • 
We  should  have  a  calcium  carbonate,  then  gypsum  and  salt  on  top- 
You  mentioned  the  presence  of  these  substances. 

A.  F,  Lucas. — Yes,  within  the  confines  above  given,  although  some 
may  have  come  above  the  salt,  as  the  well  was  not  cased  at  this  point. 

I,  N.  Knapp,  Ardmore,  Pa. — We  established  the  fact  that  there  was 
a  ledge  of  magnetic  iron.  I  think  there  was  4  ft.  of  magnetic  iron  at  a 
depth  of  2,745  ft.    The  bit  wore  faster  than  the  ore.     The  magnetic 
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iron  consisted  of  small  particles  cemented  together,  and  it  fairly  hissed 
when  it  came  out  of  the  hole. 

George  S.  Rice,  Pittsburg,  Pa. — Was  an  analysis  made  of  the 
gas? 

A.  F.  Lucas. — No,  sir;  we  were  after  more  valuable  or  important 
data  than  the  composition  of  the  gas. 

C.  W.  Washburnb,  Washington,  D.  C. — In  calling  attention  to  this 
salt,  which  Captain  Lucas  said  hopped  about  when  it  was  thrown  on  a 
shovel,  that  is  what  they  call  knister  salt.  If  this  salt  is  put  in  water 
it  practically  explodes,  and  blows  the  water  aroimd.  The  gas  in  it  is 
under  very  high  pressure.  It  has  been  measured,  and  the  pressure  is 
under  several  hundred  pounds.  These  gases  could  not  have  gotten  in 
there  under  steam  or  water  pressure.  That  salt  crystallizes  under 
ground  and  the  gas  gets  into  it  at  the  time  it  crystallizes.  It  would 
crystallize  in  a  shallow  dune,  and  it  formed  there  under  pressure  of  the 
rocks,  and  the  gas,  of  course,  is  under  pressure  still. 

Eugene  Coste,  Calgary,  Canada. — I  am  sincerely  grateful  to  Dr. 
V.  Hofer  for  this  paper  discussing  the  origin  of  petroleum,  and  op- 
posing the  view  of  that  origin  which  I  have  supported  on  many  occa- 
sions since  1900.  It  is  only  by  such  discussions  that  all  the  facts  and 
arguments  in  the  case  will  be  brought  clearly  forward;  the  members 
of  the  Institute,  mining  engineers  and  geologists,  are  the  best  of  jurors 
to  decide  on  both  the  facts  and  the  arguments;  and  thus  we  may  hope  to 
arrive  at  the  solution  of  this  scientifically  and  economically  most  im- 
portant problem. 

Before  answering  Dr.  v.  Hofer's  points  against  the  solfataric  volcanic 
origin,  I  may  be  permitted  to  risumi  what  I  understand  from  his  paper 
to  be  his  own  views,  and  what  he  frankly  states  as  his  position  on  the 
question.  He  narrows  the  origin  of  petroleums  to  the  direct  transforma- 
tion of  animals  or  fatty  plants  (such  as  diatoms)  without  cellulose;  and 
he  considers  that  the  organic  matter  was  originally  in  the  "sands"  in 
which  the  petroleums  are  now  found,  unless  in  the  cases  where  petroleums 
have  passed  afterward  through  fissures  to  other  sand  strata.  Dr.  v. 
Hofer  also  considers  these  sands  to  be  coastal  marine  formations,  de- 
posited in  shallow  bays  of  the  sea,  where,'  under  special  favoring  con- 
ditions, the  oxygen  of  the  air  did  not  destroy  as  usual  the  animal  or  fatty 
plant  matter,  which  was  therefore  entombed,  and  afterward  through  the 
agency  of  long  time  was  gradually  distilled  at  low  temperature  and  under 
high  pressure,  and  became  petroleum. 

The  clear  statement  of  these  views  forcibly  suggests  at  once  the 
following  objections  to  them: 

I.  Why  is  not  this  process  in  active  operation  in  the  world  to-day? 
Why  can  we  not  abundantly  verify  it,  and  witness  it  in  numerous  cases  in 
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some  of  the  millions  of  shallow  bays  of  the  sea  teemmg  with  lifoi  where 
sands  are  being  deposited  to-day,  and  have  been  deposited  in  recent 
ages  under  similar  conditions?  It  is  not  enough  to  cite  in  support  of 
this  hypothesis  a  very  few  cases,  in  which  empty  shells,  or  organic 
matter  partly  decomposed,  were  evidently  impregnated  with  petroleums 
by  seepage  through  fissures  or  seams  from  underlying  reservoirs. 

II.  It  is  also  erroneous  to  say  that  this  hypothesis  (p.  483  of  Dr.  v. 
Hofer's  paper)  was  accepted  by  eminent  authorities,  "mostly  in  view  of 
the  circumstance  that  the  bituminous  rocks  carry  the  fossil  remains  of 
animals."  As  a  matter  of  fact,  the  fossil  remains  of  animals  or  plants 
are  found  mostly  in  shales  which  are,  as  a  general  rule,  absolutely  barren 
of  petroleums.  It  is  only  very  occasionally,  surely  not  in  1  per  cent,  of 
the  cubic  contents  of  the  strata,  that  bituminous  rocks,  or  rocks  (either 
shales,  sands  or  limestone)  containing  petroleums,  are  found;  and,  as  a 
rule,  these  spots, are  comparatively  small  and  are  very  poor  in  fossils. 
The  other  99  or  more  per  cent,  of  the  strata  really  contains  the  fossil 
beds;  and  these  fossil  beds,  as  is  well  known,  are  barren  of  petroleums. 
Although  some  of  these  shales  may  be  carbonaceous,  they  are  not 
bituminous  or  petroliferous. 

III.  This  brings  one  to  the  third  serious  objection  to  the  view  of 
Dr.  V.  Hdfer,  namely,  that  the  "petroliferous  sands"  are  so  poor  in  fossils, 
and  the  petroliferous  sand-reservoirs  are  so  limited  in  extent  and  thick- 
ness, with  impervious  rocks  all  around  them  (since  we  find  heavy  gas 
pressures  in  these  reservoirs),  that  the  enormous  quantities  of  petroleums 
they  have  produced  cannot  possibly  be  accounted  for  in  that  way.  I 
will  cite  only  one  instance:  viz.,  the  example  of  the  small  dome  of  Spindle- 
top  at  Beaumont,  Texas,  where  from  a  little  over  200  acres,  some 
50,000,000  barrels  of  oil  have  been  produced  up  to  date.  The  oil  "sands " 
under  that  dome  are  secondary  crystalline  limestone  or  dolomite  masses, 
found  only  under  the  dome  area  of  a  little  over  200  acres,  the  surround- 
ing strata  being  impervious  elay^  and  sands  and  "gumbo"  beds,  with 
fossils  but  without  oil.  The  secondary  crystalline  limestones  or  dolomites 
under  the  dome,  containing  these  enormous  quantities  of  oil,  are  not 
fossiliferous;  but  even  if  they  were,  the  oil  in  them  could  not  be  indigenous 
in  such  quantities,  and  undoubtedly  came  up  the  chimney  under  the  dome 
from  below,  since  it  cannot  have  come  from  the  impervious  sides. 

This  reasoning  from  indisputable  facts,  patent  in  many  fields,  long 
ago  forced  the  American  geologists  to  the  conclusion  that  the  petroleums 
cannot  have  been  produced  in  the  sands  they  now  occupy.  On  the  other 
hand,  most  of  the  American  geologists,  and  many  others,  conceive  a 
regional  migration  of  oil  out  of  the  impervious  surrounding  sediments 
into  the  sands — which,  of  course,  is  also  impossible.  Dr.  v.  Hofer  agrees 
with  me  (p.  490  of  his  paper)  that  there  is  no  possible  regional  migration 
of  oil  through  the  pores  of  such  impervious  clays  and  shale?  as  siu'round 
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the  "sands,"  and  ''that  the  migration  of  oil  can  take  place  only  in 
cracks,  joints,  and  fissures;"  but  his  primary  deposits,  "the  porous 
sands,"  are  evidently  altogether  too  small  in  cubic  capacity,  and  too  poor 
in  organic  contents,  to  furnish  the  enormous  quantities  of  petroleum 
which  have  actually  been  produced  from  them. 

Moreover,  in  the  different  fields  of  the  world  we  can  trace  these 
primary  sand  deposits  of  Dr.  v.  Hofer  lower  and  lower  down  in  the 
geological  scale,  until  we  find  them  not  only  in  the  Devonian  and  Silurian 
but  also  in  the  Cambrian  (Potsdam  sandstone  in  N.  Y.  State)  and  in  the 
crystalline  rocks  (Newhall,  Cal.).  This  forces  us  to  admit  a  stiU  lower 
source,  namely,  the  volcanic  magma;  and  when  these  volcanics  every- 
where give  so  much  evidence  of  containing  large  quantities  of  hydro- 
carbons either  in  their  associated  solfataric  gases  or  in  the  lavas  them- 
selves, why  should  we  reject  that  source  to  which  we  are  forcibly  led  by 
the  full  consideration  of  the  geological  evidence  mentioned  above? 

IV.  If  the  petroleum  deposits  were  coastal  marine  formations,  de- 
posited in  shallow  bays  of  the  sea,  they  would  be  found  under  geographical 
alignments  entirely  different  from  the  straight  oil  belts  in  which  they  are 
actiuilly  being  found.  The  oil  belts  are  evidently  connected  with  the 
tectonic  and  orogenic  disturbances  of  each  region,  and  not  with  the 
ancient  shore  lines  of  the  different  formations.  Moreover,  along  the 
same  belt  we  find  the  petroleums  impregnating  sands  of  many  different 
ages.  In  California,  for  instance,  from  and  including  the  crystalline 
rocks  to  the  Quaternary,  there  is  a  thickness  of  some  30,000  ft.  in  which 
productive  sands  are  found.  Yet,  outside  of  the  productive  narrow  belts 
along  the  Coast  Range  these  30,000  ft.  of  strata  are  barren  of  petroleum. 
Surely  it  cannot  be  imagined  that  marine  bays  of  the  ancient  seas  could 
align  themselves  in  that  way  along  fault  lines  or  straight  disturbed  zones, 
and  juxtapose  themselves,  one  on  top  of  the  other,  in  formations  of  so 
many  different  ages,  according  to  just  the  same  tectonic  zones  of 
disturbance. 

V.  In  shallow  bays  of  the  sea,  in  which  sands  are  deposited,  the 
organic  matter  is  generally  observed  to  have  totally  disappeared,  having 
been  destroyed  by  the  oxygen  of  the  air.  Dr.  v.  Hofer  admits  this 
(p.  490);  but  he  speaks  of  vague  special  favoring  conditions  which 
occasionally  permitted  the  preservation  and  entombment  of  the  organic 
matter.  Would  such  special  favoring  conditions  explain  the  enormous 
quantities  of  petroleums  in  the  world?  And  why  should  these  special 
favoring  conditions  occur  at  repeated  periods  during  long  ages  in  the  same 
district  along  fault  lines  or  disturbed  zones;  and  what  are  these  special 
conditions,  anyhow?  If  petroleums  were  deposited  in  shallow  bays, 
what  about  the  deep  vertical  chimneys  of  Texas  and  Louisiana  with 
several  thousand  feet  of  thickness  of  salt  impregnated  with  petroleums? 

VI.  Admitting,  for  the  sake  of  argument,  that  the  soft  organic 
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tissues  of  animals,  or  the  fatty  tissues  of  plants,  were  occasionally  en- 
tombed, how  did  the  transformation  of  these  into  petroleums  take  place? 
Dr.  V.  Hofer  says  it  was  by  the  action  of  long  time,  which  permitted 
a  slow  distillation  at  low  temperature;  and,  strange  to  say,  as  a  synthetic 
proof  of  that  proposition  he  gives  the  experiments  of  Engler,  in  which 
oils  similar  to  petroleums  were  produced  from  organic  fats  by  heating 
in  a  retort  at  temperatures  from  300^  to  400^  C. — experiments  made  under 
conditions  of  temperatures  entirely  different  from  those  which  obtain 
in  nature,  and  therefore  not  in  the  least  to  the  point.  If  long  time  dis- 
tilled some  of  the  organic  matter  of  the  sediments  into  petroleums,  how 
b  it  that  it  did  not  produce  any  other  effect  on  these  sediments,  and  on 
the  ''coals"  contained  in  them,  which  are  unaltered  and  undistilled? 
And  if  long  time  could  replace  temperature  in  bringing  about  distilla- 
tion, should  not  everything  on  this  earth  be  in  a  gaseous  state,  as  there 
has  been  all  the  time  imaginable  in  the  eternity  behind  us  to  bring  about 
the  same  effect  as  the  highest  imaginable  temperature?  Phenomena  of 
physical  or  chemical  changes  of  state  in  elements  require  certain  tempera- 
ture points  and  will  not  take  place  at  a  lower  temperature,  no  matter 
the  length  of  time.  One  might  as  well  say  that  by  leaving  a  turkey 
long  enough  in  cold  storage  it  would  cook  itself! 

I  will  now  take  up  in  their  order  Dr.  v.  Hofer's  criticisms  of  my  proofs 
as  contained  m  his  paper. 

1.  I,  of  course,  never  intended  to  state  anywhere  in  my  papers  that 
there  was  no  methane  in  petroleums;  what  I  did  say  was,  that  the  marsh 
gas  formed  from  the  decomposition  of  plants  is  quite  apart  and  different 
genetically  from  the  methane  of  petroleums. 

2.  Whether  the  crystalline  schists  or  gneiss,  from  which  a  very 
light  gravity  oil  is  produced  near  Newhall,  Los  Angeles  county,  Cal., 
is  a  metamorphosed  sedimentary  or  not,  and  is  of  Jurassic  age  or  of 
Archean  age,  makes  absolutely  no  difference  in  the  point  which  I  raised 
about  this  occurrence  of  petroleum,  namely,  that  the  petroleum  is  found 
in  crystalline  rocks  and  therefore  cannot  possibly  be  indigenous,  and 
must  come  from  the  San  Gabriel  granite  or  the  magma  below.  If  these 
crystallines  are  ancient  sediments,  they  must  certainly  have  lost  all 
their  organic  matter  during  the  metamorphosis,  and  especially  such 
light  gravity  oil  as  is  found  there  must  have  an  extraneous  origin.  To 
attribute  that  origin  to  the  neighboring  Tertiary  oil  field  is  altogether 
impossible;  since  light  oils  of  that  nature,  full  of  gas,  never  go  down  in  the 
strata  but  always  ascend. 

3.  To  suppose  that  the  oil  and  bitumen  in  the  quicksilver  deposits  of 
California  and  elsewhere  may  have  been  extracted  and  transported  from 
deeper  bituminous  rocks  by  the  ascending  ore-bearing  solutions,  is  to 
reverse  the  problem  without  the  shadow  of  a  proof.  One  might  as  well 
suppose  that  the  quicksilver  itself  in  these  veins  had  its  origin  in  the 
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wall  rocks,  instead  of  the  ascending  ore-bearing  solutions.  It  is  well 
known  to  mining  geologists  that  ore-bearing  solutions,  circulating  in 
veins  and  fissures,  sometimes  impregnate  the  wall  rocks  and  become 
diffuse  in  them;  but  they  cannot  do  the  reverse,  and  receive  their 
contents  from  these  wall  rocks. 

4.  I  must  differ  entirely  with  Dr.  v.  Hdfer  when  he  says  that  the 
occurrences  of  bitumen,  petroleums,  or  graphite  in  metalliferous  veins, 
pegmatite  dikes,  or  volcanic  rocks,  are  scanty  or  sporadic  occurrences. 
I  maintain,  on  the  contrary,  that  they  are  frequent  all  over  the  world  and 
constitute  positive  and  overwhelming  proofs  that  these  products,  in  all 
such  cases,  have  an  inorganic  origin.  To  suppose  that  volcanic  or 
eruptive  rocks  can  distill  and  absorb  into  their  own  mass  petroleums  or 
natural  gas  from  bituminous  materials  in  the  wall  rocks,  is  again  to 
reverse  the  question  without  the  semblance  of  a  proof,  and  moreover, 
involves  an  impossibility.  One  cannot  look  for  distillates  inside  of  the 
hot  mass  which  produces  the  distillation.  The  very  word  "distill" 
means  "driving  away." 

5.  The  occurrence  of  oil  around  volcanic  necks  in  Mexico  is  questioned 
by  Dr.  v.  H5fer,  who  says  that  it  is  widely  distributed.  From  all  the 
records  of  reputable  geologists  who  have  examined  the  occurrences  of 
oil  in  that  country,  and  even  from  the  records  of  Mr.  Villarello,  quoted 
by  Dr.  H5fer  (p.  487),  it  is  quite  clear  that  the  petroleum  deposits  are 
always  intimately  connected  with  the  volcanic  necks.  In  fact,  this  is 
one  of  the  clearest  evidences  in  the  world  of  the  solfataric  volcanic  origin 
of  oil  in  enormous  quantities. 

6.  Dr.  V.  Hdfer  says  that,  as  a  logical  consequence  of  my  views,  de- 
posits of  petroleums  should  always  be  found  in  the  vicinity  of  volcanic 
eruptions.  As  we  have  just  seen,  when  it  is  found  in  such  vicinity  in 
enormous  quantities,  as  in  Mexico,  the  proximity  and  connection  of  the 
volcanics  and  the  petroleums  are  denied.  But  when  the  volcanics  are 
not  plainly  to  be  seen,  then  their  occurrence  in  the  petroleum  fields  is 
demanded.  Faulting  and  fissuring  connected  with  volcanic  manifesta- 
tions take  place  all  over  the  world,  not  only  in  mountainous  regions  but 
also  in  regions  of  plains,  and  may  be,  and  are,  often  accompanied  with 
solfataric  emanations,  though  the  lava  or  volcanic  rocks  themselves 
do  not  appear  at  the  surface.  It  is  clear  upon  careful  consideration  of 
these  phenomena  that  any  belt  of  country  very  rich  in  eruptives,  such  as 
the  "inner  bend"  of  the  Carpathians  cited  by  Dr.  v.  Hofer,  might  be 
too  much  faulted  and  fissured  to  permit  the  storage  of  the  gaseous 
emanations  in  the  greatly  disturbed  and  broken  surrounding  sediments, 
while  another  belt  of  the  same  country  such  as  the  "outer  bend,"  which  is 
sufficiently  fissured  to  permit  pent-up  vapors  and  gases  to  force  their 
way  through  to  the  porous  portions  of  the  sediments,  and  yet  not  so 
much  as  to  permit  their  complete  escape  to  the  surface,  would  naturally 
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furnish  the  best  and  richest  petroleum  fields.  Even  in  such  oil  fields  as 
those  of  Pennsylvania  and  northwestern  Ohio^  where  the  strata  are  ap- 
parently undisturbed,  we  find  such  well-marked  breaks  as  the  Eureka- 
Volcano  break  and  the  grahamite  vein  of  solid  petroleum  near  Cairo, 
in  West  Virginia,  and  the  famous  Findlay  break  in  northwestern  Ohio, 
so  well  described  in  several  of  Orton's  reports  as  the  most  pronounced 
disturbance  in  that  State.  In  the  greatest  number  of  oil  fields,  the 
elongation  of  the  different  pools  or  fields,  all  in  one  direction,  clearly 
demonstrates  that  they  are  connected  with  Assuring  and  faulting. 

I  believe  it  is  unnecessary  to  prolong  this  discussion  and  to  take  up 
Dr.  V.  Hdfer's  remarks  on  the  objections  advanced  by  me  in  iny  paper, 
Petroleums  and  Coals,  to  the  theory  of  organic  origin,  as  I  consider  that 
these  objections  still  stand  and  have  not  been  sufficiently  answered. 
Most  of  these  points  are  also  covered  by  my  remarks  in  this  discussion, 
or  in  my  new  paper,  read  at  the  same  meeting  of  the  Institute  with  Dr. 
v.  Hofer's,  and  written  before  I  had  seen  the  latter. 

Prof.  Dr.  H.  von  Hofer  (communication  to  the  Secretary*,  trans- 
lated by  R.  W.  Raymond). — The  remarks  of  Captain  Lucas,  the  Chair- 
man of  the  Committee,  are  highly  interesting  for  the  geologist  and  the 
miner  of  saline  deposits;  yet  none  of  the  facts  he  mentions  can  be  regarded 
as  evidences  of  the  volcanic  origin  of  petroleum.  The  emanation  of  gas 
from  salt  deposits  has  long  been  known,  as  Mr.  Washbume,  in  the  present 
discussion,  has  already  observed.  At  various  places,  in  Galicia  (Wie- 
liczka) ;  in  the  Alps  (Hallstadt) ;  and  in  the  German  potash  district  (the 
Desdemona  mine  near  Ahlfeld),  natural  gases  in  salt  deposits  have  been 
the  cause  of  gas  explosions.  In  the  salt  mine  of  Szlatina,  Hungary, 
natural  gas  was  encountered  in  1783,  and  used  for  several  years  to  light 
the  workings.  The  natural  gas  occurring  in  connection  with  the  salt 
deposits  in  the  Chinese  province  of  Sz'tschwan  served  for  centuries  as 
a  source  of  heat. 

Petroleum  also  is  found  in  salt,  though  mostly  only  as  an  impregna- 
tion, or  in  pockets,  in  the  Carpathians  and  the  salt  deposits  of  northern 
Germany.  In  the  latter,  it  has  occurred  sometimes  in  considerable 
quantity.  For  instance,  oil  to  the  value  of  35,000  marks  was  obtained 
last  year  from  an  intrusion  of  petroleum  into  the  Hope  salt  mine,  near 
Schwamsteck.  Yet,  at  the  present  time  rock  salt  and  potash  salt, 
without  any  admbcture  of  oil,  are  won  at  this  mine.'' 

At  all  the  European  localities  above  named,  there  is  no  trace  of 
volcanic  activity,  and  no  plausible  ground  for  inferring  it. 

During  the  Third  International  Petroleum  Congress,  held  in  1003 
at  Burcharest,  I  first  proposed,  as  generally  applicable  to  deposits  of  pe- 

*  Received  Apr.  18,  1914. 

"  Petroleum,  Berlin,  vol.  ix,  p.  981  (1914). 
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troleum  and  natural  gas,  the  ''dome  theory/'  which  has  since  received 
manifold  confirmation,  and  has  proved  highly  useful  in  practice.  I  was 
able  at  that  time  to  support  my  new  theory  with  facts  observed  in  three 
continents,  and  showing  without  exception  the  favorable  influence 
of  the  dome-shaped  structural  form.  Most  of  these  cases  could  be  re- 
ferred to  one  type — ^that  of  a  locally  elevated  anticline.  The  salt  domes 
of  Louisiana  and  Texas  constitute  a  class  by  themselves.  The  cause  of 
their  genesis  has  remained  unknown  hitherto,  and  will  be  difficult  to  dis- 
cover, so  long  as  the  salt  deposits  have  not  been  explored  outside  as  well 
as  inside  of  the  domes.  Captain  Lucas  assumes  a  laccolite,  which  has 
elevated  the  dome;  but  of  this  he  has  no  evidence  to  offer.  If  a  volcanic 
laccolite,  as  such,  were  the  source  of  the  oil  formation,  we  would  naturally 
expect  the  occurrence  of  petroleum  likewise  in  connection  with  other 
laccolites,  such  as  those  of  Utah,  Colorado,  New  Mexico,  Dakota,  etc. 
But  nothing  of  this  kind  is  known,  so  far  as  I  am  aware.  In  fact,  I 
think  that  nothing  at  all  is  yet  known,  as  to  origin  of  these  salt  domes. 
I  can  only  refer  to  the  ''Ekzem-hypothesis,"  which  is  becoming  more 
and  more  popular  in  Europe,  as  stating  the  simplest  way  in  which,  under 
the  influence,  perhaps,  of  other  abnormal  genetic  conditions,  these  domes 
may  have  been  formed. 

The  Knapp  boring  proved  conclusively  in  the  dome  the  regular  saline 
series;  first  (at  the  bottom)  lime;  then  gypsum;  and  then  rock  salt — ^as 
it  occurs  in  all  such  stratified  saline  deposits.  Hence  it  is  impossible  to 
conceive  a  volcanic  process  for  the  formation  of  the  salt  deposit. 

The  solid  and  tough  rock  reported  at  the  bottom  of  the  abandoned 
bore  hole  was  never  determined,  and  can  therefore  furnish  no  basis  for 
a  h3rpothesis.  Perhaps  it  may  have  been,  not  even  a  rock,  but  a  piece 
of  iron  which  had  fallen  into  the  hole. 

I  am  sorry  that  I  must  answer  my  friend.  Captain  Lucas,  by  saying 
that  I  cannot  change  my  mind  according  to  his  suggestion. 

From  Mr.  Coste  I  expected  a  more  detailed  reply,  dealing,  point  by 
point,  with  my  criticisms.    But  he  has  but  a  few  things  for  remark. 

Regarding  his  comments,  I  would  observe  that  in  a  genetic  question 
it  is  not  a  matter  of  indifference  whether  a  given  gneiss  is,  in  Rosen- 
busch's  sense,  an  orthogneiss  or  a  paragneiss;  that  is,  whether  it  was 
formed  from  granite,  or  from  a  post-Archsean  sedimentary  rock.  Mr. 
Coste,  for  the  benefit  of  his  volcanic  hypothesis,  make&  the  California 
gneiss  granitic,  whereas  it  is  evidently  sedimentary  in  origin,  and  can 
therefore  furnish  no  evidence  of  the  volcanic  origin  of  petroleum. 

The  origin  of  the  petroleum  found  in  the  quicksilver  deposits  of 
California,  I  leave,  as  I  have  already  said,  to  be  discussed  by  my  American 
colleagues.  I  could  say  it  came  from  some  oil  deposit  not  far  below  the 
place  which  it  now  occupies,  with  as  much  reason  as  Mr.  Coste  has  for 
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saying  it  came  from  great  ''volcanic"  depth.  One  ignorant  opinion 
would  simply  contradict  the  other. 

It  is  notorious  that  in  Mexico  extensive  oil  fields  are  now  known, 
which  are  far  from  any  volcanic  eruptives. 

The  various  attacks  of  Mr.  Coste  upon  the  theory  of  the  organic 
origin  of  petroleum  and  natural  gas,  I  leave  unanswered,  until  he  shall 
have  kindly  offered  a  thorough  and  coherent  criticism  of  my  arguments, 
such  as  I  made  in  the  interest  of  science,  concerning  his. 
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Rock  Disturbances  Theory  of  Petroleum  Emanations  vs.  the  Anti- 
clinal or  Structural  Theory  of  Petroleum  Accumulations 

BY  EUGENE   C06TE,   CALOABT|   ALBERTA,   CANADA 
(New  York  Meeting,  February,  1914) 

Although  soma  of  the  observers  who  first  paid  especial  attention 
to  the  occurrences  of  oil  and  gas  in  the  strata  (such  as  Hunt  in  1859, 
Andrews  m  1861,  Winchell  m  1865,  Mendelejeff  in  1876,  Hofer  m  1876, 
Minshall  in  1881,  and  I.  C.  White  in  1883)  seem  to  have  been  impressed 
with  the  fact  that  oil  and  gas  deposits  were  connected  with  the  dis- 
turbances in  the  rocks  caused  by  their  upheaval,^  yet,  with  the  exception 
of  Mendelejeff,  and  possibly  Andrews,  these  observers  do  not  appear  to 
have  imderstood  what  is  really  the  one  essential  factor  in  the  occurrence 
of  oil  and  gas  in  the  strata:  viz.>  the  faulting,  uplifting,  fracturing,  fis- 
suring,  and  jointing  always  accompanying  even  slight  rock  disturbances, 
and  in  certain  districts  (petroliferous  provinces)*  allowing  solfataric  hy- 
drocarbon emanations  to  force  their  way  up  from  the  interior  and  to 
reach  and  impregnate  the  porous  portions  of  sediments  subjected  to  the 
disturbances.  Instead  of  this  simple  explanation  to  account  for  the  ob- 
served connection  between  petroleum  deposits  and  rock  disturbances, 
most  of  the  observers  mentioned  above,  and  many  others  who  have  fol- 
lowed them  on  the  same  lines  since,  have  entirely  reversed  the  problem. 
To  them,  instead  of  the  dissemination  of  gases  from  fissures  into  the 
sediments,  it  presented  the  accumulation  and  concentration,  according  to 
anticlinal  or  other  geologic  structures,  of  oil  and  gas  originally  present 
throughout  this  whole  mass  of  the  strata  where  they  were  produced  by 
the  decomposition  or  distillation  of  organic  remains. 

Whether  this  important  problem  involves  accumulation  from  sources 
within  the  strata  themselves,  or  infiltration  and  dissemination  from  out- 
side sources,  may  be  easily  determined  if  all  preconceived  ideas  are  put 
aside  and  the  established  facts  only  are  considered. 

Physical  Fads 

Sedimentary  strata  are  composed  of  alternate  beds  of  shales,  sand- 
stones, and  limestones,  most  of  which  are  sufficiently  close-grained  to 

'  West  Virginia  Geological  Survey,  vol.  lA,  pp.  49  to  53  (1904). 
'  Petroleums  and  Coals,  Journal  of  the  Canadian  Mining  ImiUulef  voL  xii,  pp. 
273  to  301  (1909). 
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have  retained  from  the  time  of  their  deposition  enough  water,  held  in  their 
minute  pores  by  capillary  action,  to  fill  all  the  spaces  between  their  grains 
and  render  them  entirely  impervious  to  other  fluids.  Shales  or  consoli- 
dated clays  form  the  bulk  of  the  sediments  and  are  especially  fine-grained 
saturated  impervious  rocks,  but  many  beds  of  sandstone  or  limestone  are 
also  quite  impervious.  Carll,  Lesley,  White,  and  Orton  have  often  re- 
ferred in  their  reports'  to  the  wonderful  impermeability  of  the  sedi- 
mentary strata  of  the  oil  regions.  A  sufficient  proof  is  the  very  strong 
natural  gas  pressures  always  recorded  in  the  gas  and  oil  deposits,  and  the 
great  differences  in  the  pressure  of  the  gas  of  different  sands  tapped 
at  various  depths  in  the  same  well,  or  in  nearby  wells  in  the  same  pool 
or  field.  These  strong  pressures  and  wide  differences  in  pressure  have 
been  noted  in  thousands  of  wells  drilled  in  the  10,000  or  12,000  ft.  of 
sedimentary  strata  along  the  Appalachian  oil  belt,  for  instance,  from  New 
York  State  through  Pennsylvania,  West  Virginia,  Ohio,  and  Kentucky 
to  Tennessee. 

In  order  to  explain  the  retention  of  this  gas  under  strong  pressures  (up 
to  1,500  lb.  per  square  inch  in  some  cases)  in  so  many  thousands  of 
separate  spots  and  at  depths  sometimes  as  shallow  as  100  ft.  and  varying 
from  that  to  4,000  ft.,  we  must  certainly  conclude  that  the  sedimentaries 
forming  the  substrata  of  this  vast  region  and  ranging  through  many 
geological  ages  are  remarkably  impervious.  It  is  for  this  reason  alone  that 
the  petroleum  deposits  have  not  escaped  to  the  surface,  and  have  been 
preserved  in  a  multitude  of  separate  pockets,  pools,  or  fields,  with  dif- 
ferent pressures,  though  often  quite  close  to  one  another  and  always  com- 
paratively near  the  surface.  Yet  without  an  iota  of  evidence  we  are  asked 
to  admit  the  reverse  of  what  we  see  everywhere  to  be  the  case;  and  we  are 
told  by  the  advocates  of  the  anticlinal  theory  that  these  impervious  rocks 
which  confine  the  gas  and  oil  in  their  present  reservoirs  are  themselves  the 
source  from  which  these  substances  were  obtained.  If  it  is  impossible 
for  the  natural  gas,  notwithstanding  its  strong  pressure,  to  traverse  the 
100  ft. — or  the  3,000  or  4,000  ft.  at  the  most — ^which  separate  it  from  the 
surface,  it  is  still  more  clearly  impossible  that  it  could  have  accumulated, 
according  to  the  anticlinal  theory,  by  traveling  miles  through  the  same 
surrounding  rocks  to  its  present  reservoirs,  from  supposed  minute  organic 
sources  distributed  throughout  the  very  same  impervious  sediments. 

In  every  oil  and  gas  district  a  number  of  different  sands  are  known  to 
be  productive,  and  along  the  Appalachian  belt,  for  instance,  dozens  and 
dozens  of  different  oil  and  gas  sands  have  been  largely  productive,  and 
they  occupy  in  the  geological  scale  an  interval  of  10,000  to  12,000  ft.  from 
the  Pittsburg  coal  of  the  Carboniferous  down  to  the  Potsdam  sandstone  of 

*  Pennsylvania  Geological  Survey  Reports,  1885,  p.  665;  1890,  pp.  12,  13.  West 
Virffinia  Geological  Survey,  vol.  lA,  p.  63  (1904).  BvUetin  of  the  Geological  Society  of 
America,  vol.  ix,  pp.  95,  96  (1897). 
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the  Cambrian.     According  to  the  anticlinal  theory  the  shales  or  other 
strata  above  any  one  of  these  sands  form  the  impervious  cover  which 
retains  the  gas  and  oil  in  that  sand  and  yet  these  same  strata  are  also  the 
prolific  source  of  the  oil  and  gas  in  the  sand,  or  sands,  above.     Can  any- 
thing be  more  illogical  and  more  incomprehensible?     Either  the  shales 
and  other  strata  between  these  numerous  oil  and  gas  sands  are  impervious 
and  therefore  not  the  source  of  these  products,  or  they  ail^  not  impervious 
and  these  products  could  not  then  possibly. have  been  retained  in  the 
sediments,  as  their  upward  movements  through  the  strata  would  not 
have  been  stopped  and  they  would  have  continued  to  penetrate  through 
the  pores  of  all  sediments  until  they  escaped  to  the  surface.     Every 
geologist  will  acknowledge  that  there  is  absolutely  no  difference  in  the  de- 
gree of  porosity  of  the  beds  of  shale  lying  either  above  or  below  the  pro- 
ductive sands  whether  they  are  made  by  the  anticlinal  theory  to  serve  as 
an  impervious  cover  or  as  a  prolific  source.     But  at  any  rate  the  one  bed 
of  shale  between  two  productive  sands  cannot  be  made  to  perform  two 
diametrically  opposite  functions,  namely,  impenetrable  cover  for  the  pro- 
ductive sand  below  and  productive  source  for  the  oil  and  gas  sand  above. 
Again,  if,  as  required  by  the  anticlinal  theory  of  oil  and  gas  accumula- 
tion from  within  the  sediments  themselves,  these  products  could  circulate 
freely  through  the  minute  pores  and  mass  of  the  shales,  such  a  movement 
could  and  would  have  commenced  immediately  after  the  deposition  of  the 
sediments,  while  they  were  still  lying  flat  and  undisturbed.    It  is  entirely 
superfluous  to  assert  that  the  upward  movements  of  the  petroleums  in  the 
sediments  were  started  by  a  slight  folding  of  the  rocks,  either  in  the  form 
of  an  anticline  or  any  other  form,  "by  which  the  oil,  gas  and  water  may 
have  been  separated  out  and  the  oil  concentrated  in  one  locality."*    The 
supposed  organic  petroleum  products  if  they  could  move  freely  through 
the  sediments,  whether  from  the  action  of  gravity,  hydraulic  pressure, 
or  any  other  cause,  would  certainly  start  up  toward  the  surface  as  soon  as 
formed;  they  would  never  stop  until  reaching  it;  and  therefore  tliere  would 
be  no  oil  or  gas  at  all  found  in  the  sediments  to-day.    In  the  Califomian 
fields,  Madill,  Wheeler  and  other  fields  in  Oklahoma,  the  Athabasca  region 
of  Canada,  and  many  others,  the  productive  sands  are  in  unconformable 
formations,  and  sometimes  right  above  the  unconformities.    To  suppose 
that  in  these  cases  the  petroleum  in  the  lower  bed  of  the  Cretaceous,  for 
instance  (Dakota  sandstone  in  Canada,  or  Trinity  sandstone  at  Madill),  is 
derived  from  the  unconformable  Paleozoic  rocks  underneath,  is  to  ignore 
the  long  lapse  of  time  between  Paleozoic  and  Cretaceous  times,  which  was 
certainly  suflScient  to  exhaust  out  of  the  Paleozoic  into  the  air,  long  before 
the  deposition  of  the  Cretaceous  beds,  all  petroleum  products  formed  from 
the  decomposition  of  Paleozoic  organic  remains.    If  several  unconform- 
able formations  (and  in  California  there  are  at  least  three  or  four  marked 

*F.  G.  Clapp:  Economic  Geology,  vol.  vii,  No.  4,  p.  380  (June,  1912). 
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unconformities  between  different  productive  sands)  contain  petroleums 
in  the  same  district  and  none  at  all  in  other  districts  with  the  very  same 
sequence  of  formations,  it  must  be  due  to  some  source  for  the  petroleums 
outside  of  all  these  sediments,  and  to  some  infiltration,  at  a  period  more 
recent  than  the  youngest  productive  formation,  from  a  source  beneath 
the  oldest. 

In  all  cases,  therefore,  the  anticlinal  theory  of  petroleum  accumula- 
tions from  sources  within  the  sediments  themselves  fails  to  explain  how 
the  petroleums  could  possibly  enter  the  porous  portions  of  the  sands, 
and  remain  there,  and  not  continue  their  migration  to  the  surface.  On 
the  contrary,  solfataric  petroleum  emanations,  through  the  agency  of 
rock  disturbances  and  Assuring,  may  enter  and  be  retained  in  a  patch 
of  porous  sands  entirely  surrounded  by  impervious  rocks  and  there  sepa- 
rate their  component  hydrocarbons,  and  associated  gases  and  vapors, 
more  or  less  according  to  gravity,  tl^e  gas  working  its  way  to  the  higher 
parts  of  the  porous  sands,  the  water,  if  any,  remaining  in  the  lower  parts, 
and  the  oil  floating  on  the  water,  between  it  and  the  gas.  In  dry  sands, 
such  as  the  deep  sands  of  Pennsylvania  and  West  Vh-ginia,  the  oil  will 
naturally  work  down  more  or  less  to  the  lower  part  of  the  porous  portions 
impr^nated  and  will  often  be  found  in  synclines.  That  part  of  the  anti- 
clinal theory  which  provides  for  a  certain  amount  of  separation  of  the 
water  and  of  the  different  petroleums  once  they  have  reached  a  porous 
reservoir,  is,  of  course,  true.  But  even  this  has  been  much  exaggerated ; 
since  the  sand  reservoirs  in  the  oil  and  gas  fields  are  very  irregularly 
porous,  and  far  from  forming  ideal  tanks  like  a  bottle  or  a  room.  Many 
impervious  streaks  or  patches  of  various  forms  are  found  in  the  very 
heart  of  their  porous  portions,  and  they  are  seldom  continuously  porous 
over  large  areas.  During  the  periods  of  disturbance  there  was  also  much 
fissuring  and  jointing;  and,  under  the  strong  pressures  of  the  gas  always 
present  in  the  petroleum  emanations,  these  irregular  tanks  could  not  be 
filled  up  in  the  theoretical  manner  mentioned  above.  Every  day,  in 
the  drillmg  of  wells  this  theoretical  arrangement  of  gas  first,  in  the  higher 
portions  of  the  reservoirs,  then  oil  and  then  water,  is  entirely  reversed. 
Every  day,  dry  holes  or  oil  wells  or  salt-water  wells  are  "drilled  in" 
on  the  top  of  the  anticlines  while  large  gas  wells  are  obtained  away 
down  on  the  slopes  or  at  the  bottom  of  synclines.  On  the  other  hand, 
many  anticlines  are  barren  of  petroleums,  although  these  anticlines  are 
developed  in  sedimentary  formations  where  every  requisite  condition 
demanded  by  the  anticlinal  theory  is  absolutely  fulfilled:  namely,  fossil- 
iferous  strata;  porous  arched  reservoirs;  impervious  covers;  and  water 
in  the  porous  rocks;  but  where  the  essential  factor  is  missing:  namely, 
the  rock  disturbance  producing  the  necessary  fissure  through  which  the 
solfataric  hydrocarbon  emanations  could  force  their  way  up  to  the  porous 
reservoirs. 
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The  structure  of  many  an  oil  or  gas  field  has  no  resemblance  to  an 
anticlinal  structure.  A.  Beeby  Thompson  in  a  paper*  read  before  the 
Institution  of  Mining  and  Metallurgy  of  London,  England,  in  which 
he  reviews  the  relationship  of  structure  to  the  occurrence  of  petroleum, 
graphically  illustrates  by  many  good  sections  the  great  diversity  of  oil 
and  gas  field  structures  and  thus  plainly  demonstrates  the  reverse  of 
what  he  advances  in  the  text:  namely,  that  oil  and  gas  fields  are  generally 
connected  with  anticlines  and  that  ''an  anticlinal  structure  favors  the 
accumulation  of  oil"*  and '' played  a  most  important  part  in  the  forma- 
tion of  oil  fields."^  Indeed,  a  number  of  prolific  and  prominent  oil  fields 
are  shown  by  Mr.  Thompson's  diagrams  to  exist  in  strata  pre- 
senting structural  conditions  entirely  different  from  anticlines.  Other 
instances  and  examples  to  show  that  oil  and  gas  fields  are  found 
under  all  sorts  of  structural  conditions  have  been  often  furnished 
by  other  writers  in  their  studies  of  the  different  oil  fields  of  the  world, 
especially  of  America.  It  has  been  found  necessary  really  to  transform 
the  anticlinal  theory  by  expanding  it  into  a  structural  theory  including 
all  sorts  of  other  forms.  This  structural  theory  was  elaborated  by  F.  G. 
Clapp  in  his  papers  in  Economic  Geology  (vol.  v,  No.  6,  Sept,  1910,  pp. 
503  to  521,  and  vol.  vii.  No.  4,  June,  1912,  pp.  364  to  381).  What  the 
author  principally  proves  from  his  classification  of  oil  and  gas  fields  is 
really  that  petroleum  deposits  are  not  dependent  on  or  controlled  by  any 
kind  of  structure  whatever.  Such  deposits  are  found,  according  to  this 
classification:  (I)  on  strong  anticlines  standing  alone;  (2)  on  well-de- 
fined alternating  anticlines  and  synclines;  (3)  on  monoclines  with  change 
in  rate  of  dip;  (4)  on  structural  terraces;  (5)  on  broad  geantiolinal  folds; 
(6)  on  bulged  anticlinals;  (7)  in  saline  domes;  (8)  around  volcanic  rocks; 
(9)  along  sealed  faults;  (10)  sealed  in  by  asphaltic  deposits;  (11)  at 
contact  of  sedimentary  and  crystalline  rocks;  (12)  in  joint  cracks  of  sedi- 
mentary rocks;  and  (13)  in  crystalline  rocks.  To  these  classes  of  de- 
posits may  be  added  the  following:  (14)  on  gentle  slopes  or  monoclines 
without  any  change  in  the  rate  of  dip,  as  the  Welland  field,  Ontario,  the 
Madill  field  in  Oklahoma,  etc.;  (15)  in  vertical  veins  cutting  across  the 
strata,  such  as  the  gilsonite  veins  in  Utah,  the  albertite  vein  in  New 
Brunswick,  Canada,  and  the  grahamite  vein  near  Cairo,  West  Va.; 
(16)  in  quicksilver  and  other  metallic  veins;  (17)  in  and  along  volcanic 
or  igneous  dikes;  (18)  in  meteorites;*  (19)  in  the  volcanic  emanations  of 
to-day;  and  (20)  in  synclines. 

With  so  many  different  classes  of  petroleum  deposits,  it  is  clear 


*  Transactions  of  the  Institution  of  Mining  and  Metallurgy,  vol.  xx,  pp.  215  to  237 
(1910-11). 

*  BvUetin  No.  77,  Institution  of  Mining  and  MetaUurgy,  p.  2  (Feb.  15, 1911). 
T/dew,  No.  78,  p.  4  (Mar.  15,  1911). 

•BuOelin  No.  330,  U.  8.  Geological  Survey,  p.  632.  (1908). 
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that  the  structure  in  itself  is  not  the  controlling  factor  and  that  too  much 
weight  has  been  attached  to  the  structure  or  folding  of  the  sediments 
surrounding  the  petroleum  deposits.  In  order  to  make  the  anticlinal 
theory  fit  everywhere  unwarranted  new  names  have  been  given  and  super- 
natural properties  have  been  attributed  to  certain  structures  (such  as 
''arrested  anticlines"  and  ''quaquaversal  domes")  which  in  no  possible 
way  could  of  themselves  affect  the  oil  or  gas  accumulations. 

Even  along  the  Appalachian  oil  belt,  which  is  supposed  to  give  many 
typical  examples  of  anticlinal  structures,  it  is  well  known  that  the 
oil  and  gas  fields  are  really  in  the  bottom  of  a  deep  geo-syncline  between 
the  Cincinnati  anticline  and  the  Appalachian  uplift.  These  so-called 
anticlines,  on.  which  the  oil  and  gas  fields  have  been  developed  in  that 
region,  are  mere  wrinkles  of  small  amplitude  in  the  bottom  of  that  deep 
geo-syncline.  The  height  of  each  wrinkle  is  only  a  few  hundred  feet 
at  the  most,  and  therefore  (if  the  sands  were  continuously  porous,  and 
the  strata  in  general  were  as  permeable  as  the  anticlinal  theory  requires 
to  explain  the  accumulation  of  the  large  quantities  of  petroleums  obtained), 
the  oil  and  the  gas  would  not  have  stopped  on  or  near  the  summit  or  arch 
of  these  wrinkles  of  porous  sands,  but,  if  the  covers  of  these  sands  were 
impervious,  would  have  traveled  along  the  sands  from  one  arch  to  the 
other  and  gradually  up  the  western  or  the  northern  slope  of  the  geo- 
syncline  until  reaching  the  surface  at  the  outcrops  of  the  sands  in  Ohio, 
or  northern  Pennsylvania  and  New  York  State.  Many  differences  in 
pressure  have  been  noted  between  the  gas  found  on  one  of  the  wrinkles 
and  that  in  the  same  sand  on  the  adjoining  one.  The  few  hundred  feet  of 
water  in  the  syncline  between  these  two  wrinkles  could  not  possibly  pre- 
vent the  gas  from  traveling  from  one  to  the  other  and  equalizing  that 
pressure,  and,  as  I  have  said  above,  could  not  possibly  prevent  the  gas 
from  getting  out  up  the  slopes  pf  the  geo-syncline  to  the  outcrops. 

In  the  Gulf  oil  fields  of  Louisiana  and  Texas,  it  is  still  more  clearly 
evident  that  the  particular  shape  or  structure  of  the  salines  or  mounds  was 
not  a  factor  in  the  accumulation  of  oil  from  the  surrounding  sediments. 
These  salines  cover  indeed  such  small  areas  that  it  is  only  a  stretch  of  the 
imagination  to  suppose  that  the  enormous  quantities  of  oil  obtained  from 
under  them  could  possibly  be  derived  from  the  strata  affected  by  what  has 
been  called  the  "quaquaversal  doming"  under  the  salines.  Moreover, 
this  doming  does  not  extend  to  the  Tertiary  or  Cretaceous  clays  and  sands 
surrounding  the  salines  or  mounds;  and  therefore  this  particular  structure 
could  not  be  a  determining  factor  of  oil  accumulations  from  the  surround- 
ing sediments.  On  the  contrary,  it  is  well  established  that  the  sediments 
under  the  salines  have  been  replaced  by  masses  of  salt,  limestone,  dolomite, 
silica,  sulphur,  and  gypsum,  of  secondary  origin  from  solutions  moving 
vertically  and  carrying  hot  oils,  hot  water,  and  hydrocarbon  and  sulphur 
gases,  and  that  these  products  did  not  extend  horizontally  into  the  im- 


510         PETROLEUM   EMANATIONS  VS.   PETBOLEUM  ACCUMULATIONS 

pervious  sediments  surrounding  the  chimney-like  channels  under  the 
salines;  also,  that  these  salines  are  distributed  along  lines  of  deep  faults 
which  were  evidently  the  first  channels  for  emanations  of  the  hydro- 
carbons and  other  vapors  and  waters,  before  they  finally  came  out  to,  or 
near,  the  surface  through  the  chimneys  under  the  salines.  What  has 
structure  to  do  with  occurrences  of  oils  in  deposits  of  this  kind,  which  are 
clearly  due  to  the  rock  disturbance  under  the  salines,  and  to  hot  gas- 
aqueous  emanations  coming  up  from  below?  This  explains  the  fact 
that  oil  in  large  quantities  is ''struck  "at  many  different  levels  under  the 
salines,  and  none  is  struck,  outside  of  the  salines,  in  the  surrounding 
sediments. 

That  these  are  solfataric  volcanic  emanations  is  made  plain  by  the 
occurrences  of  oil  a  little  further  south,  along  the  same  coastal  plain,  in 
Mexico.  There  one  can  actually  observe  numerous  volcanic  necks  of 
olivine  basalt,  scattered  at  wide  intervals,  and  also  distributed  along  fault 
lines  similar  to  the  lines  connecting  the  salines  of  Texas  and  Louisiana; 
and  these  volcanic  necks  are  surrounded  by  large  seepages  of  asphalt  and 
the  very  prolific  oil  fields  of  this  region  are  all  developed  inclose  proximity, 
around  these  volcanic  necks.  F.  G.  Clapp  in  a  paper  in  Economic  Geology 
(vol.  vii,  No.  4,  June,  1912)  says  with  regard  to  this  class  of  oil  deposits  in 
Mexico: 

"In  close  proximity  to  the  basaltic  upheavals,  the  Tamasopo  limestone  and  over- 
lying formations  have  been  domed  upward,  forming  pockets  or  places  of  change  in 
rate  of  dip  at  the  base  of  the  upheavals  and  surrounding  them,  where  large  deposits 
of  oil  have  accumulated. 

It  is  known,  however,  that  these  Mexican  lava  cores  form  really 
vertical  pipes,  which  may  be  said  to  have  drilled  themselves  upward 
through  undisturbed  and  almost  horizontal  strata  of  shales,  limestones, 
and  sandstones.*  and  Mr.  Clapp  himself  admits  that  in  his  hypothetical 
cross-section  of  one  of  the  Mexican  oil  fields.  ^^  The  supposed  action  of  the 
doming  referred  to  by  Mr.  Clapp  would  therefore  have  been  so  infini- 
tesimal as  to  be  entirely  negligible  in  considering  the  accmnulations  of 
oil  out  of  the  surrounding  sediments.  According  to  Mr.  Clapp's  theory 
the  Cretaceous  sediments  surrounding  the  lava  cones  of  Mexico  tenaciously 
held  back  in  their  pores,  during  long  ages,  enormous  quantities  of  petro- 
leum products,  until  such  time  as  the  volcanic  peaks  and  needles  pierced 
through  them  in  late  Tertiary  times.  In  doing  so  the  volcanic  cores  tilted 
only  very  slightly  the  sediments  immediately  surrounding  them.  It 
would  be  impossible  for  this  slight  tilting  of  very  small  portions  of  the 
whole  mass  of  the  strata  of  this  region  to  effect  the  immediate  release  from 


'  Mining  and  Scientific  Review,  Aug.  24, 1907,  pp.  247, 248.    Journal  of  the  Canadian 
Mining  Institute,  vol.  xii,  p.  281  (1909). 

i»  Economic  Geology,  vol.  vii,  No.  4,  Fig.  58,  p.  378  (June,  1912). 
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these  sediments  of  the  enormous  quantities  of  oil  supposed  to  have  been  so 
firmly  held  by  them  during  long  periods;  and  it  can  only  be  concluded  that 
the  effect  of  structure  in  this  case  at  least  has  evidently  been  much  over- 
drawn. Why  should  so  much  be  demanded  from  poor  impotent  structure 
alone,  when  it  is  manifest  that  these  Mexican  petroleum  deposits  are 
directly  connected  with  vulcanism,  and  due  to  solfataric  volcanic  emana- 
tions accompanying  the  upheavals  of  the  basaltic  cones? 

Many  other  instances  to  show  that  structure  is  not  a  determining 
factor  in  the  migration  and  accumulation  of  oil  in  the  California  fields  may 
be  found  in  the  reports  of  Arnold,  Anderson  and  Johnson.  These  authors 
summed  up  their  conclusions  as  follows  :^^ 


''This  migratory  faculty  may  be  ascribed  entirely  to  the  presence  of  the  associated 
gas  which  would  cause  the  oil  to  fiU  every  crevice  offering  a  point  of  escape  or  a  point  of 
lodgment.'' 

''The  condition  of  the  rocks  is  the  chief  factor  that  controls  the  matter  of  where  the 
oil  is  stored  most  abundantly." 

In  California,  "many  of  the  'oil  sands'  so  called,  are  not  true  sands,  but  zones  of 
fractured  shale  or  flint  offering  interspaces  in  which  the  oil  can  gather." 

"Large  accumulations  in  anticlines  may  be  accounted  for  primarily  by  the  cavities 
offered  by  the  strata  along  upward  folds,  and  secondarily  by  the  presence  of  less 
pervious  beds  arching  over  such  folds  and  affording  favorable  conditions  for  the  con- 
finement of  oil  and  gas  tending  to  escape." 

If  to  these  conclusions  is  added  the  consideration  of  the  many  strong 
faults  and  disturbances  always  plainly  in  evidence  in  the  fields  of  Cali- 
fomia^  and  also  the  consideration  of  the  fact  that  in  these  fields  a  number 
of  unconformable  formations,  from  and  including  the  crystalline  gneisses 
to  the  Quaternary,  are  productive  of  oil,  it  will  be  readily  understood  that 
the  migration  of  oil  is  effected  vertically  along  fissures  and  from  a  source  be- 
neath the  crystalline  gneisses  instead  of  horizontally  and  more  or  less 
under  the  determining  influence  of  the  structure. 

The  same  conclusion  has  been  reached  by  Washburne  in  the  Florence 
field  of  Colorado:  viz.,  that  geologic  structure  has  had  little  or  no  in- 
fluence on  the  movement  or  the  accumulation  of  oil  which  is  present  mostly 
in  open  fissures  in  a  zone  of  shales  2,500  ft.  thick,  at  the  bottom  of  a 
syncline. 

Geologic  Facts 

Simple  and  well-known  geological  conditions  and  considerations  prove 
just  as  conclusively  that  the  occurrences  of  oil  and  gas  in  the  strata  can 
only  be  attributed  to  a  process  of  infiltration,  dissemination,  and  impreg- 
nation of  the  porous  portions  of  the  sediments  from  deep  solfataric  volcanic 


11  M.  R.  Campbell:  Economic  Geology,  vol.  vi,  No.  4,  pp.  387,  388  (Juen,  1911) 
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sources.  As  I  have  already  on  several  other  occasions^*  presented  in  detail 
a  number  of  facts  and  arguments  in  support  of  these  views,  I  will  here  only 
recapitulate  the  principal  points  as  briefly  as  possible: 

1.  Ia  the  solfataric  volcanic  phenomena  enormous  quantities  of  hydro- 
carbon gases  and  vapors  are  constantly  thrown  out  in  the  air  in  all  the 
volcanic  districts  of  the  world.  See  my  previous  papers  and  Dr.  G.  F. 
Becker,  Bulletin  No,  401,  17.  S,  Geological  Survey,  for  short  reviews  of  this 
evidence,  which,  however,  will  be  found  at  length  in  the  writings  of  the 
eminent  geologists  and  chemists  who  have  made  special  original  studies 
on  this  subject,  notably,  Elie  de  Beaumont,  Humboldt,  De  Lapparent, 
Suess,  Fouqu^,  Le  Blanc,  Silvestri,  Stocklassa,  Brun,  Charles  Sainte- 
Claire  Deville,  Lacroix,  Gauthier,  Tschermak,  Janssen,  Libbey  and  Soko- 
low.  A.  Gauthier,  for  instance,  has  shown  not  only  that  hydrocarbons  and 
other  combustible  gases  are  to  be  found  in  the  lavas  or  volcanic  rocks 
of  to-day,  or  associated  with  these  rocks  in  their  eruptions,  but  that 
enormous  quantities  of  these  combustible  gases  are  contained  also  in 
ancient  igneous  rocks,  and  that  by  simply  warming  these  rocks  to  a 
moderate  red  heat  he  could  extract  from  them  at  least  100  times  their 
volume  of  mixture  of  combustible  gases  and  water  vapor. 

After  giving  the  details  of  his  experiments  and  analyses  he  says  ^' 

''Putting  aside  the  reactions  pertaining  in  the  melted  portion  of  the  interior  of  the 
globe,  if  we  consider  what  happens  when  certain  abeady  crystallized  masses  of  the  crust 
are  reheated  to  red  heat  on  account  of  their  sinking  internally,  or  because  lateral 
pressiu-es  of  different  parts  of  the  crust  cause  an  uplift  of  the  melted  rocks  from  the 
interior  along  the  points  of  minimum  resistance.  When  these  rocks  already  solidified 
once  are  thus  reheated  by  the  incandescent  masses  it  will  be  seen  that  they  will  be 
bound  to  give  off  by  all  possible  vents  the  gases  and  vapors  produced  in  the  experiments 
just  cited  and  recorded.  From  these,  as  we  have  seen,  one  liter  of  granite  gave  (at 
1,000*^  and  calculated  only  for  this  temperature)  about  20  liters  of  various  gases  and  89 
liters  of  water  vapor,  that  is  to  say,  more  than  one  hundred  times  its  volume  of  gases. 
One  can  understand  from  this  the  great  explosive  force  due  to  these  reactions,  and  that 
it  is  not  at  all  necessary  to  admit  the  hypothesis  of  the  penetration  of  superficial  or 
meteoric  waters  down  to  the  igneous  masses  as  a  necessary  condition  to  the  production 
of  volcanic  phenomena.  .  .  .  One  will  understand  that  to  explain  the  origin  of  the 
water  in  volcanoes,  the  nature  of  the  gases  emanated  and  the  violence  of  the  eruptive 
phenomena,  that  it  is  sufficient  for  the  deep  crystalline  strata  to  be  reheated  only  a  few 
hundred  degrees,  and  the  emanation  of  volcanic  gases  with  their  composition  (com- 
bustible gases)  and  their  formidable  pressures,  will  be  the  necessary  result  of  this 
reheating." 


^^  Natiural  Gas  in  Ontario,  Journal  of  the  Canadian  Mining  InstUtUe,  vol.  iii,  pp. 
68  to  89  (1900).  The  Volcanic  Origin  of  Natural  Gas  and  Petroleum,  Journal  of  the 
Canadian  Mining  Institute,  vol.  vi,  pp.  73  to  123  (1903).  Petroleum  and  Goals, 
Journal  of  the  Canadian  Mining  InstiliUe,  vol.  xii,  pp.  273  to  301  (1909).  The  Volcanic 
Origin  of. Oil,  Trans.,  xxxv,  288  to  297  (1904).  Fallacies  in  the  Theory  of  the  Organic 
Origin  of  Petroleum,  Transactions  of  the  Instituiionof  Mining  and  Metallurgy,  vol. 
pp.  91  to  192  (1911-12). 

"  Comptes  Rendus  de  VAccMmie  des  Sciences,  1901  to  19Q3. 
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Dr.  Albert  Brun  in  his  Becherches  but  VExhalaiaon  Volcantque  gives 
many  interesting  analyses  of  the  gases  found  in  volcanic  rocks,  and  given 
off  at  volcanic  or  explosive  temperatures,  that  is  to  say,  above  600^  or 
800^  C,  which  he  recognizes  as  the  only  true  volcanic  gases.  These 
analyses  show  that  hydrocarbons  are  frequent  in  volcanic  rocks  all  over 
the  earth  and  that  they  are  sometimes  quite  abundant.  For  instance, 
in  an  obsidian  from  the  Plomb  du  Cantal,  France: 

"The  analysis  showed  that  the  vapor  which  is  distilled  is  slightly  ammoniacal  and 
carries  much  bitumen.  Heated  in  the  vacuum  its  fused,  vitreous  residue  is  perfectly 
black  with  carbon.  Moreover,  there  is  enough  bitumen  present  to  form  on  the  cold 
parts  of  the  apparatus  oily  striations.  These  oils  are  soluble  in  chloroform,  with  a 
brown  fluorescence,  and  are  combustible  with  a  dear  flame/' 

Many  other  analyses  of  lava,  obsidian,  and  other  volcanic  rocks  are 
stated  by  Dr.  Brun  to  have  given  from  traces  of  hydrocarbon  to  quantities 
even  more  abundant  than  in  the  instance  cited  above,  and  out  of  67 
analyses  38,  or  57  per  cent.,  gave  hydrocarbons.**  The  volcanic  rocks 
containing  the  petroleums  were  from  widely  distributed  localities,  such  as 
Mt.  Erebus  (antarctic),  Armenia,  Abyssinia,  Java,  Japan,  Peru,  Taman- 
faya.  Canaries,  Iceland,  Milo,  Vesuvius,  Stromboli,  Etna,  Arran  Islands, 
Scotland,  Sweden,  Germany,  Hungary,  Italy  and  France. 

In  view  of  these  and  other  evidences,  no  geologist  can  to-day  deny  that 
petroleiuns  are  now  proved  to  be  abundantly  produced  in  the  phenomena 
of  vulcanism,  whether  recent  or  ancient. 

2.  There  are  no  geological  phenomena  of  to-day  or  of  ages  past  in 
which,  through  organic  agencies,  petroleums — that  is  to  say,  the  mixtures 
of  hydrocarbons  known  as  petroleums — are  being  produced,  or  are  known 
to  have  been  produced.  The  gradual  decomposition  of  entombed  vege- 
table organic  matter  in  nature  to-day,  and  during  the  past  geological  ages, 
is  and  has  been  accomplished  in  the  sedimentary  strata  at  low  temperatures 
and  has  resulted  in  the  formation  of  peat,  lignite,  coal,  and  anthracite; 
that  is  to  say,  in  the  formation  of  oxygenated  fixed  carbon  compounds 
very  different  from  petroleums.  If  these  "coals"  had  been  distilled  it 
might  be  argued  that  "petroleums"  were  thus  formed,  but  it  is,  of  course, 
well  known  that  as  a  general  rule  they  have  not  been  distilled:  the  nec- 
essajy  heat  to  bring  about  distillation  was  never  attained  in  the  un- 
altered sedimentary  strata.  At  any  rate,  it  is  a  matter  of  geological 
record  that  the  "coals"  are  found  everywhere  in  the  sediments  in  the  un- 
distilled  state  and  not  as  coke,  and  that  coal  and  petroleum  deposits  have 
no  genetic  connection  of  any  sort  one  with  the  other. 

It  is  equally  a  matter  of  geological  record  that  the  soft  tissues  of 
animal  organic  matter  were  not  finally  entombed  in  the  sediments,  where 
they  have  left  absolutely  no' trace  of  their  former  existence,  as  demonstrated 


^*  Economic  Cfcologyf  vol.  vii,  No.  1,  pp.  7,  8,  9  (Jan.  1012). 
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by  the  billions  of  fossils  in  our  paleontological  museums  and  collections, 
and  in  the  impervious  rocks  everywhere,  without  the  slightest  trace  of 
any  carbon  compound  to  be  found  in  them.  The  former  animal  organic 
matter  of  what  is  to-day  the  fossil  animal  world  evidently  decomposed 
fully,  or  otherwise  disappeared  entirely,  before  the  final  entombment  of 
the  hard  part  of  the  animal;  and  therefore  no  petroleums  could  possibly 
be  formed  from  it. 

It  is  insufficient  to  argue,  against  such  evidence  to  the  contrary,  that 
petroleums  must  have  an  organic  derivation,  because  the  large  petroleum 
deposits  are  always  found  ''associated"  with  sedimentary  strata  and 
fossiliferous  rocks.  This  word  "associated"  is  very  vague.  It  takes 
more  than  the  presence  of  water  in  a  cave  or  in  a  porous  rock  to  prove 
that  that  water  originated  there.  Are  not  volcanic  rocks  themselves 
thus  ''associated"  with  sedimentary  strata — often  in  successive  hori- 
zontal flows  or  laccolitic  intrusions  interbedded  with  sediments,  or  in 
veins  and  masses  cutting  across  sediments?  Are  not  the  solid  petroleums 
thus  found  in  irregular  veins  or  masses  cutting  across  the  ^iments? 
Are  not  the  liquid  or  gaseous  petroleum  deposits  themselves  local  and 
irregular  impregnated  spots  of  the  porous  sediments,  not  at  all  in  sheets 
like  coal  beds?  In  some  districts  (petroliferous  provinces)  they  occur 
in  many  sands  throughout  all  the  sequence  of  the  sediments  from  the 
earliest  Cambrian  to  the  latest  Quaternary,  entirely  irrespective  of  the 
fossiliferous  beds,  and  mostly  in  sharp  sands  without  fossils — sometimes 
above  great  thicknesses  of  shale  strata,  sometimes  below  all  shales,  as,  for 
instance,  the  petroleums  in  the  Trenton  limestone  of  Ohio  and  Indiana, 
while  in  other  districts  the  same  entire  series  of  sediments  is  abso- 
lutely barren  of  petroleums. 

It  is  also  insufficient  to  say  that  because  volcanic  rocks  are  not  every- 
where to  be  seen  in  the  petroliferous  districts  a  solfataric  volcanic  or^in 
cannot  be  attributed  to  the  petroleums.  As  I  have  already  quoted  several 
times  in  other  papers,  De  Launay  in  his  Science  of  Geology  remarks: 

"The  dislocations  of  the  earth  are  more  and  more  observed  to  have  taken  place  not 
alone  in  moimtainons  regions  but  even  in  regions  of  plains."  .   .   . 

"All  the  regions  of  the  earth,  probably  without  exception,  have  been  subjected  to 
dynamic  movements  to  which  are  connected  igneous  manifestations  of  internal  origin.*' 

These  disturbances  furnished  the  necessary  fissuring  of  certain  belts 
of  strata,  whether  much  disturbed  and  uplifted,  as  in  California, 
Roumania,  and  Galicia,  or  sometimes  lying  still  comparatively  flat  and 
apparently  undisturbed,  as  along  the  Appalachian  belt  in  Pennsylvania 
and  West  Virginia.  In  all  cases,  however,  the  imperviousness  of  the 
bulk  of  the  strata,  especially  the  shales,  and  the  fact  that  these  readily 
caved  in  and  sealed  the  fissures,  prevented  the  petroleums  from  entirely 
escaping  to  the  surface.  Through  this  fissuring  of  the  strata  the  pent-up 
solfataric  hydrocarbon  emanations  came  up  from  the  interior,  losing  some 
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of  their  pressure  as  they  forced  their  way  up  through  the  fine  minute 
Assuring  and  the  imperfectly  porous  sands.  Hence  the  differences  of 
pressures  recorded  in  the  different  sands  of  the  same  field  and  the  higher 
pressures  recorded  in  all  fields  as  the  petroleums  are  found  in  deeper  and 
deeper  sands.  Hence  the  fact  that  in  every  field  or  district,  not  one  but 
a  number  of  different  sands,  belonging  to  a  number  of  different  geological 
formations,  sometimes  unconformable,  are  impregnated  with  the 
petrolemns  in  irregular  spots,  here  and  there,  along  the  structural  lines 
of  disturbances,  while  much  larger  areas  of  the  same  series  of  sediments 
in  the  neighboring  districts  are  absolutely  barren. 

The  distribution  of  the  Mexican  and  of  the  Texas  and  Louisiana  oil 
fields  along  lines  of  fault  has  already  been  referred  to,  as  well  as  the 
evident  connection  of  the  oil  of  these  fields  with  vulcanism. 

Similarly  the  oil  fields  of  California  belong  to  much  disturbed  and 
fractured  belts  bordering  the  Coast  Range  on  each  side  for  many  miles. 
There  also  the  migratory  ascent  of  the  hydrocarbons  through  faults  and 
fissures  is  most  plainly  attested  by  numerous  asphalt  veins,  and  by  tar 
and  gas  springs.  That  these  faults  and  disturbances,  constantly  referred 
to  in  the  reports  of  Arnold  and  Anderson,  have  brought  up  the  hydro- 
carbon emanations  from  below  tiie  crystalline  gneisses  and  granite  is 
evidenced  by  tiie  fact  that  in  Placerita  canyon,  5  miles  east  of  Newhali, 
Los  Angeles  county,  a  very  light  oil  (between  50°  and  60**  B.)  is  produced 
from  crystalline  gneisses  which  overlie  the  San  Gabriel  granite.^*  Above 
these  crystalline  rocks,  the  oil  is  found  in  California  to  be  stored  in  the 
porous  reservoir-rocks,  or  in  the  seams  and  joints  of  any  and  all  the  strata 
affected  by  these  profound  disturbances  in  a  geological  column  of  some 
26,000  ft.  of  Cretaceous,  Tertiary,  Fernando,  and  Quaternary  sediments, 
those  of  each  period  lying  unconformably  on  the  next  lower,  and  the  lowest 
unconformably  on  the  crystalline  rocks.  It  cannot  be  imagined  tliat  the 
petroleums  contained  in  any  one  of  these  rock  series  can  have  originated 
from  organic  remains  in  the  underlying  unconformable  series,  since  they 
would  have  been  lost  at  the  surface,  if  they  had  migrated  at  all,  during  the 
long  intervals  marked  by  the  unconformities,  unless  a  still  more  improbable 
process  be  imagined:  namely,  that  in  each  case  the  organic  remains 
accommodatingly  waited  until  the  end  of  the  long  period  marked  by  the 
uncomformity,  before  beginning  to  be  decomposed  and  transformed  into 
petroleums,  and  to  migrate  upward.  There  is  only  one  possible  explana- 
tion: solfataric  volcanic  emanations  of  hydrocarbons  coming  up  from 
below  the  crystalline  rocks  along  the  fault  lines  and  in  the  zones  of  dis- 
turbance, at  repeated  periods  of  dynamic  movements  of  the  Coast  Range. 
Some  of  these  movements  must  have  been  very  recent  to  explain  the  oil 
in  the  gravels  of  liie  Quaternary  and  the  large  seepages  often  found  at  the 
surface. 

"  BvUeUn  No.  30»,  U.  S.  Geological  Survey,  pp.  100,  101  (1907). 
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If  the  other  oil  districts  of  America  are  considered  broadly  it  will  be 
seen  that  the  Appalachian  fields,  the  Northwestern  Ohio  and  Western 
Ontario  fields,  the  Illinois  fields  and  some  of  the  Indiana  fields,  and  the 
Mid-Continent  fields,  all  show  linear  distribution  of  their  petroleum  depos- 
its more  or  less  parallel  to  the  Appalachian  uplift,  except  some  of  the 
Oklahoma  pools,  which  follow  the  direction  of  the  Arbuckle  or  Wichita 
Mountain  uplifts.  Along  these  oil  belts  the  numerous  petroleum-bearing 
rocks  do  not  represent  fixed  geological  horizons — the  oil  and  gas  rising 
from  various  beds  of  different  ages;  and  outside  of  these  oil  belts, 
structurally  favorable  folds  are  barren  of  petroleums  in  the  same  geolog- 
ical horizons. 

Following  the  Appalachian  oil  belt,  for  instance,  from  Tennessee  and 
West  Virginia  through  Pennsylvania  to  New  York  State,  the  petroleums 
are  found  in  lower  and  lower  rocks  in  the  geological  scale,  until  they  are 
found  right  on  the  top  of  the  Archaean  in  the  Potsdam  sandstone.  The 
Archaean,  therefore,  or  the  igneous  magma  below  it,  must  be  the  final 
source.  It  would  be  puerile  indeed  to  assume  one  hundred  different 
sources  in  the  sediments  between  thq  one  hundred  different  productive 
sands  of  this  oil  belt,  since  it  must  then  be  assumed  also  that  every  mem- 
ber of  the  sedimentary  series  separating  two  oil-bearing  sands  is  the  im- 
pervious cover  of  the  sand  below  it  and  cannot  therefore  be  considered  as 
the  source  of  the  petroleums  in  the  sand  above  it;  and  since  it  has  to 
be  admitted,  after  all,  that  the  Archaean  rocks,  or  the  igneous  magma  be- 
low the  Potsdam,  is  one  at  least  of  the  sources. 

This  peculiar  occurrence  of  the  petroleum  deposits  in  the  sedimentary 
strata  of  all  ages,  yet  in  certain  districts  only,  along  zones  of  tectonic 
structural  disturbances  of  these  strata,  where  they  align  themselves  in 
"petroliferous  provinces,"  as  do  the  metals  in  "metallogenetic  provinces," 
is  exemplified  not  only  in  North  America  but  all  over  the  earth.  In 
Russia  the  petroleum  deposits  follow  the  Caucasus  uplift  from  the 
Tamansk  peninsula  in  the  northwest  to  the  Apcheron  peninsula  in  the 
southeast  for  a  distance  of  750  miles.  In  Galicia  and  Roumania  th^ 
follow  the  Carpathian  range  and  turn  with  it  in  a  grand  sweep  of  more 
than  500  miles  from  a  northwest  to  southeast  direction  in  Galicia  to  an 
east-and-west  one  in  Roumania.  The  same  association  of  naphtha  to  a 
dislocated  ^one  along  the  Kurdestan  chain  in  Persia,  has  been  well 
described  by  J.  de  Morgan.^*  The  Tertiary  tectonic  and  igneous 
"girdles"  around  the  Pacific  and  the  Caribbean  sea  are  followed  by  an 
immense  Tertiary  "petroliferous  province,"  of  which  the  oil  fields  of 
California,  Alaska,  Japan,  Borneo,  Sumatra,  Java,  New  Zealand,  Peru, 
Colombia,  Venezuela,  Trinidad,  Mexico,  and  Texas  are  salient  points. 

The  constant  recurrence  of  hydrocarbons  in  volcanic  and  igneous 
rocks,  volcanic  emanations,  metallic  and  other  veins,  meteorites,  comets 

^^  Annates  dea  Mines,  9th  ser.,  vol.  i,  pp.  227  to  238  (1892). 
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and  other  stellar  bodies,  clearly  demonstrates  ttiat  petroleums  are  in- 
organic. The  hydrocarbon  emanations  sometimes  follow  closely  the 
volcanic  lava,  as  in  the  Mexican  and  other  oil  fields,  but  they  need  not  he. 
and  often  are  not,  accompanied  to  the  surface  by  volcanic  rocks.  They 
must,  notwithstanding,  everywhere  be  held  to  be  of  a  solfataric  volcanic 
nature,  as  shown  by  their  peculiar  position  along  the  tectonic  structural 
disturbances,  and  because,  moreover,  they  could  not  originate  in  the 
mass  of  the  impervious  sediments,  and  could  only  travel  through  these 
by  means  of  faults  or  fissures  from  deep  sources.  Besides,  with  their  as- 
sociated salt  and  sulphur  they  are  identical  with  solfataric  volcanic 
vapors  emanating  from  all  the  volcanic  districts  of  the  earth,  and  are 
absolutely  unlike  anything  else  in  nature  known  to  be  in  the  active 
process  of  formation  at  the  present  time.  Like  volcanic  vapors  these 
hydrocarbons  are  always  found  under  high  pressures,  often  giving  rise 
to  violent  explosions  and  sudden  outbursts  in  enormous  quantities) 
after  earthquake  shocks,  and  along  disturbed  dynamic  lines;  and,  like 
volcanic  vapor,  they  are  also  found  at  times  to  be  still  hot  and  associated 
with  hot  waters. 

Discussion 

Hans  von  HdFER,  Vienna,  Austria  (communication  to  the  Secretary*). 
— I  will  confine  my  remarks  at  first  to  the  question  which  I  raised  in  my 
paper  as  to  the  volcanic  origin  of  petroleum,  following  thus  the  order -ob- 
served by  Mr.  Coste  in  his  reply,  which  now  lies  before  me. 

1.  Methane  is  always  the  same  chemically,  in  whatever  manner  it  may 
have  originated. 

2.  To  the  geology  of  petroleum  the  age  of  the  crystalline  schists, 
whether  gneiss  or  phyllite,  is  of  the  highest  significance.  The  occurrence 
of  oil  as  a  primary  deposit  in  a  crystalline  schist  of  Archffian  age,  would 
warrant  the  conclusion  that  it  could  not  have  an  organic  origin,  since  in 
that  age  no  organisms  existed.  But  this  inference  would  not  hold  good  as 
to  oil  from  a  crystalline  schist  of  Jurassic  age,  like  that  of  Newhall,  Los 
Angeles  county,  Cal.,  since  in  that  period  abundant  organic  life  inhabited 
the  earth,  and  therefore  such  oil  might  have  an  organic  origin.  Hence  the 
essential  point  in  the  present  discussion  is  not  the  crystalline  schist,  but 
its  geological  age. 

What  the  Newhall  crystalline  schists  were  originally,  i.e.,  immediately 
after  their  deposition,  we  do  not  know;  but  it  is  not  impossible  that  they 
are  the  product  of  the  metamorphosis  of  sand,  or  of  sandstone,  as  is,  for 
instance,  very  probable  for  many  gneisses. 

3.  Concerning  the  source  of  bitumen  in  the  quicksilver  deposits  of 
California,  I  spoke  with  reserve  in  my  paper,  leaving  the  question  to  my 

•Received  July  2,  1914. 
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American  professional  colleagues.  I  am  now  fortunately  able  to  cite  a 
recent  American  authority  on  that  subject^  namely,  J.  Allen  Veatch,  who 
says,  in  his  very  interesting  paper  on  the  The  Genesis  of  the  Mercury 
Deposits  of  the  Pacific  Coast:^* 


"  The  theory  that  this  oil  originated  from  organic  matter  precipitated  into  the  open 
fiflsure  is  supported  by  the  fact  that  the  Sierra  dikes  do  not  contain  oil.' 


ft 


Mr.  Coste's  assiunption  that  only  such  solutions  as  circulated  ex- 
clusively in  veins  and  fissures  impregnated  the  wall  rocks,  and  that  the 
opposite  course  would  be  impossible,  surprises  me  greatly;  since  we  mining 
geologists  have  for  more  than  half  a  century  recognized  this  opposite 
course  as  lateral  secretion. 

4.  On  the  strength  of  the  personal  observations  of  many  years,  as 
\7ell  as  of  the  literature  accessible  to  me,  I  can  only  repeat  the  decla- 
ration that  gaseous,  liquid,  and  solid  bitumens  occur  in  ore-bearing  veins 
and  eruptive  dikes  very  seldom,  and  always  in  small  quantity.  I  believe 
that  I  was  one  of  the  first  to  collect  and  publish  the  data  concerning 
the  occurrences  of  bitumen  in  ore  deposits. ^'  In  that  paper  Mr.  Coste 
will  find  more  examples  than  he  appears  to  be  acquainted  with.  He  as- 
sumes without  proof  that  the  bitumen  found  in  eruptive  dikes  is  of  vol- 
canic origin.  I  assume  that  the  bitumen  contained  in  the  intrusive 
magma  has  come  from  bituminous  or  carboniferous  strata,  through  breaks 
in  which  it  ascended.  The  two  hypotheses  face  each  other,  both  lacking 
direct,  positive  proof.  My  explanation  has  been  adopted  very  recently 
by  W.  W.  Arschinow^*  for  the  occurrence  of  anthraxolite  in  the  eruptives 
of  the  Crimea,  and  by  Falkenberg,*®  for  the  bitumen  found  in  the  pyrite 
deposit  of  Lilleboe,  Norway.  As  I  have  already  observed,  Mr.  Veatch 
confirms  it  for  the  California  quicksilver  deposits. 

The  etymological  argument  based  by  Mr.  Coste  upon  the  relation 
between  "distilling"  and  "driving  away"  escapes  my  apprehension.*^ 

5.  The  significance  of  the  volcanic  necks  of  Mexico  has  long  been 
clear.  The  primary  oil  deposits  were  elevated  by  these  eruptions,  and 
acquired  thereby  a  dome-like  form,  which  (as  I  demonstrated  at  the  Petro- 
leum Congress  of  1903  in  Bucharest)  is  peculiarly  favorable  to  the  accumu- 
lation of  oil.    The  latest  publication  concerning  the  Mexican  oil  fields — 


"  Bulletin  No.  86,  February,  1914,  p.  225. 

^*  In  my  Erdolstudien  (Studies  of  Petroleum) :  See  SitzungsherichU  der  k.  Akademie 
der  Wissenschafterif  Wien,  math,  ruUurw,  Klaase,  vol.  iii,  part  1. 

"  Lithogaeaj  G.  60,  p.  16. 

'®  Zeitschrift  fur  praklische  Geologie,  vol.  xxii.  No.  3  pp.  141^  152  (Mar.,  1914). 

*^  Translator's  Note. — Dr.  Hofer  apparently  refers  here  to  the  actual  derivation 
of  "distil"  from  the  Latin  "stilla,"  a  drop,  and  its  primary  meaning,  "to  fall,  or 
(transitively)  to  let  fall,  in  drops."  The  word,  therefore,  does  not  etymologically 
convey  the  notion  of  "driving  away." — R.  W.  R. 
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that  of  the  distinguished  American  expert,  I.  C.  White,**  confirming 
Villarello's  view,  establishes  the  organic  origin  of  the  oil,  and  shows  also 
that  primary  deposits  of  it  occur  in  the  Cretaceous  strata.  Mr.  White 
says: 

"There  can  be  practically  no  doubt  that  the  mother  rock  or  main  reservoir  of 
petroleum  along  the  Gulf  coast  of  Mezioo  b  the  Tamasopa  limestone  of  the  Mexican 
Cretaceous  terranes." 

It  is  thus  impossible  to  maintain  that  the  occurrence  of  oil  in  Mexico 
furnishes  ''the  clearest  evidence  in  the  world  of  the  solfataric  volcanic 
origin  of  oil  in  enormous  quantities,"  as  Mr.  Coste  declares.  On  the 
contrary,  the  organic  origin  of  the  Mexican  oil  is  beyond  doubt- 

6.  I  object  to  Mr.  Coste's  volcanic  hypothesis,  that  if  it  were  true, 
then,  as  a  logical  consequence,  oil  ought  always  to  be  found  in  the 
neighborhood  of  volcanoes  and  deep  faults  and  fissures,  which  is  not  the 
case.  He  answers  this  objection  with  a  speculation  concerning  the 
Carpathian  oil  deposits,  which  seems  to  ignore  the  main  point — namely, 
the  occurrence  of  the  volcanic  rocks  in  the  inner,  oil-poor  Carpathian 
circle — and  to  pursue  only  the  notion  of  a  possible  difference  in  the 
formation  of  fissures  on  the  two  sides  of  the  range.  My  knowledge  of 
the  Carpathians  for  30  years  past  enables  me  to  say  positively  that 
anticlines  and  fissures  are  found  occurring  in  the  same  manner  on  both 
sides. 

With  regard  to  the  conditions  in  Pennsylvania,  and  the  occurrence 
of  volcanoes  far  distant  from  any  oil  deposits,  I  would  simply  refer  to 
what  I  said  in  my  former  contribution. 

Let  me  now  briefly  consider  the  objections  of  Mr.  Coste  to  the  organic 
origin  of  petroleum.    I  number  my  paragraphs  to  correspond  with  his. 

I.  To  the  question,  "Why  is  not  this  process  in  active  operation  in 
the- world  to-day?"  I  reply  that  during  the  last  century  immense  ac- 
cumulations of  the  dead  bodies  of  marine  or  fresh-water  animals  have 
been  repeatedly  observed.  In  my  book  on  Petroleum*'.  I  have  given  a 
brief  summary,  and  in  my  Petroleum-Studies,  already  cited,  a  more 
detailed  discussion  of  these  accumulations.  I  may  mention  as  an  ex- 
ample the  masses  of  dead  fish  in  Florida,  described  by  the  celebrated 
American  biologist,' Agassiz,  who  said  of  them  that  such  accumulations 
of  corpses  might  very  well  form  oil-bearing  deposits.  The  actual  develop- 
ment of  petroleum  from  the  soft  parts  of  mollusks  was  observed  by 
Bertels**  in  the  Gnilaja  BaUca,  on  the  north  side  of  the  Caucasus.  Where 
are  oil  deposits  formed  to-day  by  active  volcanoes?  I  would  be  grateful 
to  Mr.  Coste  for  a  few  instances. 


»  BvUetin  of  the  Oedoffical  Society  of  America,  vol.  xxiv.'No.  2,  p.  253  (June,  1913), 
*>  Dae  Erddl  und  eeine  Venvandten,  3d  ed.,  pp.  256  to  260. 
^  BrM  und  eeine  Verwendung,  p.  246. 
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II  and  III.  In  the  formation  of  petroleum,  as  is  usual  in  processes 
of  decay,  carbonic  acid  is  generated,  and  when  prevented  from  escaping, 
effects  the  solution  of  the  calcareous  moUuscan  shells,  which  accounts  for 
the  absence  of  such  shells  from  oil  deposits.  Grzybowski  studied  the 
foraminifersB  accompanying  the  Carpathian  oil  deposits,  and  found  the 
siliceous  shells  to  occur  frequently  and  in  good  preservation,  while  the 
calcareous  shells  were  either  altogether  gone  or  present  in  scanty  amount 
and  corroded  condition. 

IV.  There  are  in  the  world  so  many  "tectonic  and  orogenic  dis- 
turbances," like  those  in  the  oil  regions,  and  yet  without  any  oil.  There 
must  be  first  a  primary  deposit,  and  only  afterward  can  such  disturbances 
specially  concentrate  the  oil  in  some  places,  excluding  it  from  otiiers. 
Mr.  Coste  apparently  fails  to  make  sufficient  distinction  between 
formation  and  accumulation. 

V.  The  conditions  under  which  organic  material  is  preserved  in  bays 
are  by  no  means  vague.  Not  alone  I,  but  also  most  petroleum  geolo- 
gists, have  reached  the  conclusion  that  a  petroleum  deposit,  if  it  is  to  be 
productive,  must  have  clay,  clay-slate,  or  similar  material  as  a  hanging- 
wall;  that  is  to  say,  the  buried  organism  must  have  been  excluded  as 
early  as  possible  from  the  air,  so  that  the  change  which  takes  place  shall 
be,  not  destruction  by  oxidation,  but  that  process  of  decay  which  plays 
a  leading  part  in  the  formation  of  mineral  oil.  The  air-tight  roof 
hinders  also  the  escape  of  the  oil  after  it  has  been  formed. 

VI.  That  in  chemical  processes  longer  periods  of  time  may  take  the 
place  and  produce  the  results  of  higher  temperatures,  is  beyond  doubt. 
I  may  be  permitted  to  remark,  in  passing,  that  in  the  transformation  of 
fatty  organisms,  a  heat  of  reaction  is  developed,  which  still  betrays  itself 
in  the  small  geothermic  scale  of  the  oil  fields.  The  formation  of  coal 
likewise  liberates  heat;  but  that  it  proceeds  differently  from  that  of 
petroleum  need  cause  no  surprise,  since  its  original  material — plants,  and 
particularly  cellulose — is  entirely  different  from  the  fats  out  of  which 
petroleum  is  formed. 

In  defending  the  theory  of  the  organic  origin  of  petroleum,  I  have 
been  necessarily  brief.  If  Mr.  Coste  finds  my  statement  inadequate,  I 
beg  him  to  study  without  prejudice  the  many  pages  of  my  books,  in  which 
I  have  given  proofs  of  this  theory,  based  upon  nearly  40  years  of  study 
of  the  subject. 

With  this  suggestion,  I  regard  the  present  discussion  as  closed,  be- 
lieving that  I  have  sufficiently  shown  Mr.  Coste's  position  in  favor  of 
the  volcanic  origin  of  petroleun^  to  be  entirely  untenable. 
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The  Age  and  Maimer  of  Formation  of  Petroleum  Deposits 

BT  S.  T.  DUMBLEi  HOUSTON,  TEXAS 
(New  York  Meetinc,  Fsbruaiy,  1014) 

Prof.  Edward  Orton,  in  his  Report  on  the  Occurrence  of  Petroleum, 
Natural  Gas  and  Asphalt  Rock  in  Western  Kerducky,  thus  clearly  states 
his  ideas  of  the  universal  dissemination  and  rare  accumulations  of  the 
bitumens:^ 

''  We  need  to  bear  in  mind  that  the  various  members  of  the  bituminous 
series  are  abundantly  and  almost  universally  distributed  among  the 
unaltered  sedimentary  rocks  of  the  earth's  crust.  The  valuable  accu- 
mulations of  these  substances  are  rare,  it  is  true,  but  one  can  scarcely 
go  amiss  of  petroleum,  asphalt  or  gas,  at  least  in  small  quantities,  among 
the  stratified  rocks  that  retain  their  original  structure." 

Speaking  of  the  Ohio  valley,  he  adds: 

"A  fifth  of  one  per  cent,  of  petroleum,  if  distributed  through  a 
thousand  feet  of  rock^  would  make  a  total  to  the  acre,  or  square  mile  far 
beyond  any  production  that  has  ever  been  realized  from  the  richest  oil 
field,  and  percentages  of  this  amount  are  not  only  not  rare  to  find;  but 
are  even  hard  to  miss." 

Dr.  F.  W  Clarke  in  his.  Doto  of  Geochemistry  {Bulletin  No.  491,  U.  S, 
Geological  Survey,  1911),  discussing  these  views  of  Orton  with  similar 
views  of  T.  Sterry  Hunt  and  Szajnocha,  says  that  they  "lead  to  the 
conviction  that  the  formation  of  bitumens  is  a  general  process  and  by  no 
means  exceptional.  Wherever  sediments  are  laid  down,  inclosing  either 
animal  or  vegetable  matter,  there  bitumens  may  be  produced."* 

The  organic  origin  of  the  bitumens,  including  petroleum,  has  long 
been  an  accepted  fact  with  nearly  all  geologists,  but  the  method, -place, 
and  time  of  the  transformation  into  petroleum  or  other  bitumen  is  still 
under  discussion. 

Dr.  Orton  says:* 

"The  statements  now  presented bring  before  us 

two  main  views  as  to  the  origin  of  petroleum,  viz. : 

"  (1)  Petroleum  is  produced  by  the  primary  decomposition  of  organic 


^P.  30.  (Kentucky  Geological  Survey,  1891.) 

«P.703. 

•P.  42. 
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matter,  and  mainly  in  the  rocks  that  contained  the  organic  matter. 
Of  this  view  Hunt  is  one  of  the  chief  advocates. 

"  (2)  Petroleimi  results  from  the  distillation  of  organic  hydrocarbons 
contained  in  the  rocks,  and  has  generally  been  transferred  to  strata 
higher  than  those  in  which  it  was  formed.  Newberry  and  Peckham 
have  been  quoted  at  length  in  support  of  this  general  theory.  Newberry 
holds  that  a  slow  and  constant  distillation  is  in  progress  at  low  tempera- 
tures. Peckham  refers  the  distillation  of  the  petroleum  of  the  great 
American  fields  to  the  heat  connected  with  the  elevation  and  metamor- 
phism  of  the  Appalachian  mountain  system." 

Discussing  the  age  of  petroleum  deposits,  Dr.  Orton  says:^ 

"These  three  views,  as  to  the  date  of  the  origin  of  petrolemn  and 
gas,  are  seen  to  cover  almost  all  of  the  possibilities  in  r^ard  to  the 
subject.  Hunt  believes  petroleum  to  have  been  produced  at  the  time 
that  the  rocks  that  contain  it  were  formed,  once  for  all.  Newberry 
believes  it  to  have  been  in  process  of  formation,  slowly  and  constantly, 
since  the  strata  were  deposited.  Peckham  refers  it  to  a  definite  but 
distant  time  in  the  past,  but  long  subsequent  to  the  formation  of  the 
petroliferous  strata.  He  supposes  it  to  have  been  stored  in  its  subter- 
ranean reservoirs  from  that  time  to  the  present." 

To  the  distillation  theories  of  Newberry  and  Peckham,  Orton  raises 
the  objection  that  they  do  not  harmonize  with  the  facts  of  geology  in 
the  main  oil  fields,  and  discusses  these  at  some  length.  He,  however, 
accepts  in  his  earlier  writings  the  essential  point  in  Hunt's  theory  of  the 
origin  of  petroleum,  "that  it  results  from  the  primary  decomposition  of 
organic  substances,"  but  without  subscribing  to  his  views  that  it  was 
produced  contemporaneously  with  the  rock,  nor  that  it  is  especially  a 
product  of  limestones.  In  his  later  writings,  however,  he  seems  to  have 
held  that  this  theory  was  not  fully  sustained  by  the  facts,  and  says : 

"What  geologists  would  be  glad  to  find  in  nature  as  matching  to  and 
harmonizing  with  the  facts  with  which  they  are  obliged  to  reckon  would 
be  a  process  in  which  the  products  of  the  organic  world  are  transformed 
into  mineral  oil  at  ordinary  temperatures  and  with  complete  consumpH 
tion  of  the  substances  acted  on,  so  that  no  carbon  residue  would  be  left 
behind.  They  would  also  expect  the  transformation  to  be  accomplished 
while  the  organic  matter  still  retained  essentially  its  original  character." 

He  is  strong  in  his  belief  that  petroleum  is  the  primary  product  and 
that  the  other  members  of  the  bituminous  series — namely,  natural  gas, 
maltha,  or  mineral  tar,  and  asphalt — are  derived  from  it.  In  his  last 
printed  report,  he  says  of  it:* 

"Petroleum  seems  to  be,  when  thus  protected  from  the  air,  one  of 

*P.  42. 

*  Petroleum  and  Natural  Gas  in  New  York,  BvUeiin  No.  30,  N,  7.  State  Museum 
(1899). 
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the  durable  forms  that  organic  matter  can  assume.  There  seems  no 
reason  to  believe  that  it  is  less  permanent  than  coal.  Stored  in  the 
rocks  in  the  morning  of  the  world  it  can  apparently  remain  in  this  con- 
dition through  the  vast  and  indefinite  ages  of  geology/' 

In  the  decades  that  have  passed  since  the  publication  of  these  views^ 
the  principal  advance  which  has  been  made  in  the  theories  relative  to 
the  formation  of  petroleum  is  the  development  of  the  theory  that  the 
first  step  in  such  formation  is  the  separation  and  segregation  of  the 
fatty  materials  from  the  remains  of  plants  and  animals  by  the  action  of 
bacteria.  Upon  this  point  there  now  appears  to  be  substantial  agree- 
ment among  most  geologists.  As  to  the  manner,  time,  and  place  of 
the  transformation  of  these  fatty  materials  into  petroleum,  however, 
they  are,  seemingly,  as  far  apart  as  ever. 

A  review  of  the  publications  bearing  on  the  subject  indicates  that 
by  far  the  greatest  number  of  writers,  both  American  and  European, 
still  hold  by  the  theory  that  the  production  of  petroleum  from  the  fatty 
matters  is  brought  about  by  some  form  of  pressure  or  temperature  acting 
on  the  materials  after  they  have  been  entombed  in  the  rocks. 

Engler  says: 

''The  transformation  of  the  fatty  materials  into  petroleum  has  been 
accomplished  under  very  diverse  conditions  of  pressure,  of  temperature 
and  in  cycles  of  time  of  different  duration."* 

Dr.  David  White,  speaking  of  the  rapid  disintegration  of  animal 
matter  in  sapropelic  deposits,  says: 

''This  forcibly  suggests  that  the  algae,  which  almost  certainly  have 
exerted  an  attraction  for  certain  bitumens  of  extraneous  origin,  may  have 
played  the  important  r61e,  first  of  storing  up  some  of  the  hydrocarbon 
products  of  the  decaying  animal  matter;  and  later,  under  dynamic  in- 
fluences, of  releasing  a  part,  at  least,  of  the  stored,  as  well  as,  presmn- 
ably,  of  their  own  original  contents  in  the  form  of  petrolic  or  gaseous 
hydrocarbons. 

"There  is  little  doubt  in  the  mind  of  the  writer  that  the  oils  and 
gases  of  the  Mesozoic  and  Tertiary,  as  well  as  of  the  Paleozoic, 
are  directly  derived,  in  most  cases  at  least,  from  dynamic  distillation  of 
algal  d6bris,  though  in  part  originally  of  animal  origin.'' 

He  thus  attributes  its  production  to  a  time  subsequent  to  the  de- 
position of  the  beds  containing  the  algal  debris. 

Similarly,  Dr.  F.  W.  Clarke,  without  expressing  his  views  as  to  the 
direct  cause  of  the  transformation,  believes  this  transformation  to  take 
place  after  burial: 

"Wherever  sediments  are  laid  down,  inclosing  either  animal  or  vege- 
table matter,  there  bitumens  may  be  produced.    The  presence  of  water, 


*Int.  Pet.  Cong.y  Bucarest,  vol.  ii,  p.  35  (1910). 
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preferably  salt,  the  exclusion  of  air,  and  the  existence  of  an  impervious 
protecting  stratum  of  clay  seem  to  be  essential  conditions  toward  render- 
ing the  transformation  possible."^ 

Cunningham-Craig  also  states  his  belief  in  the  derivation  of  petroleum 
by  pressure-distillation  of  organic  matter  (terrestrial  v^etation)  buried 
in  the  rocks: 

"It  seems  probable — but  here  we  enter  into  speculation — that  it 
is  the  pressure  that  is  the  determining  factor,  as  it  is  in  so  many  chemical 
reactions.  Given  the  vegetable  matter  from  which  petroleum  can  be 
formed  enclosed  in  a  well  sealed  deposit,  given  the  presence  of  a  limited 
quantity  of  water,  and  the  necessary,  but  by  no  means  high,  temperature, 
as  soon  as  the  pressure  reaches  a  certain  point  the  action  will  begin."* 

While  it  is  not  denied  that  petroleum  can  be,  and  has  been,  produced 
by  a  process  of  distillation  from  organic  matters  entombed  within  the 
rocks  beneath  the  siirface  of  the  earth,  the  arguments  adduced  by  Orton 
against  the  probability  of  such  pressmre  distillation  having  taken  a 
prominent  part  in  the  production  of  the  principal  accumulations  of 
petroleum  from  entombed  organic  debris  are  just  as  valid  against  the 
claims  of  more  recent  writers  who  invoke  its  aid  in  the  transformation 
of  the  buried  fatty  matter  derived  from  such  organic  materials. 

Orton's  arguments  have  been  repeated  and  added  to  by  Dalton, 
Clarke,  and  others,  and  seem  to  me  to  be  in  full  accord  with  facts  of  ob- 
servation. Professor  Hoefer  also  comes  out  positively  against  this  theory 
of  pressure  distillation  and  substitutes  for  it  a  process  of  fermentation. 

One  of  the  early  statements  by  Dr.  Hunt  r^arding  oil  in  the  lime- 
stones is  as  follows:* 

"The  facts  observed  in  this  locality  appear  to  show  that  the  pe- 
troleum, or  the  substance  which  has  given  rise  to  it,  was  deposited  in 
the  beds  in  which  it  is  now  found  at  the  formation  of  the  rock.  We  may 
suppose  in  these  oil-bearing  beds  an  accumulation  of  organic  matters 
whose  decomposition  in  the  midst  of  a  marine  calcareous  deposit  has 
resulted  in  their  complete  transformation  into  petroleum." 

He  thus  indicates  the  probability  that  the  formation  of  petroleum 
is,  or  may  be,  contemporaneous  with  the  deposition  of  the  rock  material. 

This  has  been  more  clearly  stated  by  Mrnrray  Stuart: 

"The  oil  represents  a  contemporaneous  flow  and  was  deposited  in 
practically  its  present  state,"  ^^  and  in  his  adaptation  of  the  existing  theory 
of  the  derivation  of  oil  from  the  fatty  materials  of  plants  and  animals 
in  the  sediment  itself  to  suit  the  altered  view  that  oil  is  of  sedimentary 
origin  in  the  deposits  and  is  not  a  secondary  product  in  them,  he  says: 


^Data  of  Geochemistry,  p.  703  (19II), 

*0U  Finding,  p.  2S. 

•  Tenth  Census,  p.  62, 

1"  Geological  Survey  of  India,  voL  xl,  p.  320. 
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''For  this  purpose  it  is  necessary  that  the  decomposition  of  the  organic 
bodies  should  have  proceeded  elsewhere  than  in  the  strata  themselves 
and  yet  in  such  a  place  that  the  oil  would  be  retained  and  collected  until 
it  was  liberated  upon  the  surface  of  rivers  which  were  depositing  the 
sediment."" 

Munn,  on  the  contrary,  while  also  holding  to  the  contemporaneous 
formation  of  petroleum  with  the  sediments  in  which  it  is  found,  holds 
that  it  is  generated  in  the  loose  mud  and  sand  on  the  sea  bottom,  coming 
off  very  probably  in  microscopical  globules  and  "because  of  the  great 
affinity  of  oil  for  clay,  each  of  these  tiny  globules  immediately  after  being 
formed  eagerly  seized  upon  the  first  small  particle  of  clay  with  which  it 
came  in  contact  and  completely  eny eloped  all  exposed  portions  of  it  "" 

It  will  be  noted  that  both  Stuart  and  Munn  are  discussing  only  the 
origin  of  petroleum  found  in  the  shales  or  the  sandstones  connected  with 
them  into  which  it  may  have  migrated.  The  method  of  deposition  out- 
lined by  Munn  is  based  on  the  supposed  affinity  between  the*  clay  par- 
ticles and  oil  globules,  while  Stuart  maintains  that  ''The  deposition  of 
oil  is  purely  a  matter  of  gravitation.  The  oil  becomes  mechanically 
mixed  with  the  sediment  and  the  fineness  of  that  sediment  renders  it 
impossible  for  the  oil  to  separate  itself;  the  mixture  of  sediment  and  oil, 
being  still  of  higher  specific  gravity  than  water,  falls  to  the  bottom  and 
is  deposited  as  a  sedimentary  deposit."" 

We  have  here  in  contradistinction  to  the  prevalent  theory  that  the 
transformation  of  the  fatty  materials  derived  from  organic  remains  into 
petroleum  takes  place  after  the  burial  of  these  materials  in  the  sedimen- 
tary rocks,  through  the  action  on  them  of  pressiu'e  distillation,  or  by  some 
geo-chemic  process,  one  which  postulates  the  formation  of  petroleum 
from  similar  material,  by  natural  processes,  at  the  surface  of  the  earth, 
without  the  interposition  of  geo-dynamic  or  geo-chemic  agencies,  and 
its  contemporaneous  deposition  as  petroleum  with  those  sediments  with 
which  it  is  originally  connected. 

If  this  view,  which  has  also  been  advanced  by  other  writers  than 
those  named,  can  be  maintained,  even  in  part,  it  will,  it  seems  to  me,  afford 
us  an  explanation  of  the  origin  of  many  petroleum  deposits,  the  condi- 
tions surrounding  which  do  not  appear,  in  any  wise,  to  fit  the  pressure- 
distillation  theory. 

The  actual  formation  of  petroleum  and  other  bitumens  at  the  surface 
of  the  earth  in  such  relation  to  other  sediments  as  might  permit  their 
deposition  in  the  manner  claimed  for  them  seems  to  be  fairly  well  estab- 
lished by  observations  in  various  parts  of  the  world. 


^^  Geological  Survey  of  India,  vol.  xi,  p.  239. 

^^  Economic  Otology t  vol.  iv.,  No.  6,  p.  619  (Sept.,-Oct.,  1909). 

^*  Geological  Survey  of  India,  p.  324. 
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"In  1866  Lesquereux referred  to  the  recent  formation 

of  a  liquid  akin  to  petroleum  in  Sardinia  and  Sweden.  In  the  former  the 
salt-marshes  are  frequently  covered  with  masses  of  sea-weed,  and  these 
can  be  observed  decomposing  into  petroleum-like  oil.  In  Sweden  on 
the  shores  of  the  Sound  in  the  neighborhood  of  Lund,  sea-weed  buried 
in  the  shore  sand  has  been  found  to  decompose  into  a  similar  substance."  ^^ 

Newberry  reports  "that  in  the  Bay  of  Marquette,  where  the  shore 
consists  of  peat  overlying  Archean  rocks,  bubbles  of  marsh  gas  arise, 
together  with  drops  which  cover  the  surface  of  the  water,  in  spots,  with 
an  oily  film."" 

Kramer  and  Spilker  call  attention  "to  a  possible  derivation  of  pe- 
troleum from  diatoms,  which  abound  in  certain  bogs.  These  organisms, 
according  to  Kramer  and  Spilker,  contain  drops  of  oily  matter,  and  from 
diatomaceous  peat  a  waxy  substance^  resembling  ozokerite,  can  be 
extracted 

"Kramer  and  Spilker's  views  have  not  met  with  very  general  ac- 
ceptance, but  they  seem  to  contain  elements  of  value.  H.  Potoni6's 
hypotheses,  for  example,  seem  to  be  a  broadening  of  Kramer  andSpilker's. 
This  writer  calls  attention  to  the  'faulschlamm'  or  'sapropel,'  a  slime, 
rich  in  organic  matter,  which  is  formed  from  gelatinous  alg®,  and  ac- 
cumulates at  the  bottom  of  stagnant  waters.  Such  a  sUme,  Potoni6 
believes,  may  be  the  parent  substance  from  which  bitumen,  by  a  process 
of  decay,  was  probably  derived.  In  this  connection,  and  with  reference 
to  the  adequacy  of  the  proposed  source,  it  is  well  to  remember  the  enor- 
mous accumulation  of  'oozes,'  namely,  the  raidolarian  and  globigerina 
oozes,  on  the  bottom  of  the  sea.  The  organic  matter  thus  indicated  is 
certainly  abundant  enough,  if  it  can  decay  under  proper  conditions,  to 
form  more  hydrocarbons  than  the  known  deposits  of  petroleum  now 
contain."" 

Dalton,  discussing  Kramer  and  Spilker's  studies  of  the  Gulf  of  Stettin, 
says: 

"Opinions  are  divided  as  to  whether  ozokerite  is  a  direct  product  of 
the  decomposition  of  organic  matter  or  of  the  natural  desiccation  and 
oxidation  of  liquid  petroleum,  but  the  researches  at  least  point  to  the 
fact  that  natural  decomposition  of  plant  remains,  especially  of  the 
lower  forms,  may  give  rise  to  petroleum-like  substances."  ^^ 

Observation  of  the  direct  formation  of  petroleum  is  given  by  Clarke 
as  follows: 

"E.  Sickenberger  has  shown  that  in  small  bays  of  the  Red  Sea,  where 
the  salinity  reaches  7.3  per  cent.,  petroleum  is  actually  forming  as  a 


"  Dalton:  Economic  Geology,  vol.  iv,  No.  7,  p.  616  (Oct.-Nov.,  1909). 

"  Clarke:    Daia  of  Geochemistry,  p.  701. 

"  Idem. 

"  Economic  Geology,  vol.  iv,  No.  7,  p.  618  (Oct.-Nov.,  1909). 
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scum  upon  the  surface  of  the  water.  Living  forms  are  abundant  in 
these  bays,  and  their  remains,  after  death,  furnish  the  hydrocarbons. 
The  latter  are  to  some  extent  absorbed  into  the  pores  of  coral  reefs,  and 
so  contribute  to  the  formation  of  bituminous  limestones.  A  still  earlier 
publication  by  0.  F.  Fraas,  contains  data  of  similar  purport.  Fraas 
found  in  Egypt  shells  filled  with  bitumen,  and  noticed  that  the  bituminous 
beds  were  rich  in  fossils,  while  the  nonbituminous  strata  were  poor. 
In  the  region  of  the  Dead  Sea,  also,  Fraas  noticed  that  bitumen  was 
abundant  in  beds  of  baculites,  from  which  it  exudes  to  accumulate  upon 
the  shore.  In  this  connection  it  may  well  be  noted  that  the  brines 
which  are  so  often  associated  with  petroleum  have,  as  a  rule,  a  com- 
position indicative  of  a  marine  origin,  and  do  not  resemble  solfataric 
or  volcanic  waters.  Furthermore,  Mendel^ef's  objection  to  the  pos- 
sibility of  forming  petroleum  at  the  bottom  of  the  sea — namely,  that 
being  lighter  than  water  it  would  float  away  and  be  dissipated — is  not 
only  n^atived  by  Sickenberger's  observations,  but  also  by  the  well- 
known  fact  that  mud  and  clay  are  capable  of  retaining  oily  matters 
mechanically.  The  littoral  sediments  probably  aid  in  the  process  of 
petroleum  formation,  if  only  to  the  extent  of  retaining  the  fatty  substances 
from  which  the  oil  is  to  be  produced.  The  beds  of  sulphur  which  occur 
adjacent  to  Some  oil  wells,  notably  in  Texas,  were  probably  formed  by 
'the  reducing  action  of  organic  matter  upon  sulphates,  such  as  gypsum,  a 
mineral  which  is  often  associated  with  marine  deposits  and  with  petro- 
leum. The  association  of  gas,  oil,  salt,  sulphur,  and  gypsimi,  which  some 
writers  have  taken  as  evidence  of  former  volcanism,  is  much  more 
simply  interpreted,  both  chemically  and  geologically,  as  due  to  the 
decomposition  of  organic  matter  in  shallow,  highly  saline  waters  near 
the  margin  of  the  sea."^* 

Dalton  refers  to  other  similar  observations  as  follows: 

"Natterer  describes  the  occurrence  of  petroleum  in  the  mud  of  the 

Mediterranean  sea-floor  between  Cyprus  and  Syria,  and  in  the  sea-water 

immediately  above  the  bottom;  it  was  also  found  in  the  Gulf  of  Suez, 

and  in  each  case  ammonia  and  iron  sulphide  or  sulphur  occur  with  the 

oil But  the  present  value  of  the  Tola'  observations  lies 

in  the  fact  that  they  show  that  at  least  in  the  Levant  and  the  Red  Sea 
so  much  organic  matter  is  being  buried  in  the  sediments  that  the  petroleum 
formed  by  its  decay  not  only  impregnates  these  rocks  of  the  futmre,  but 
is  distributed  through  the  lowest  strata  of  the  sea  itself,  sulphur  or 'sul- 
phides being  also  formed  in  the  process."" 

Dr.  David  White,  while  upholding  the  pressure-distillation  theory  for 
the  production  of  petroleum,  recognizes  the  fact  of  the  formation  of 


i«  Clarke:  Data  of  Geochemistry,  pp.  699,  700. 

»•  Dalton:  Economic  Geology,  vol.  iv,  No.  7,  p.  620  (Oct.-Nov.,  1909). 
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other  bitumens  by  organic  processes  in  connection  with  the  decomx)osi- 
tion  of  fatty  algsB  mingled  with  animal  matter  in  stagnant  or  quiet 
waters. 

" the  animal  bacteria  may  have  completed  their  work 

after  the  extinction  of  the  plant  bacteria  beneath  the  surface  of  the 
rapidly  increasing  organic  accumulation.  The  writer  is  disposed  also 
to  believe  that  the  bituminous  elements  derived  from  the  fully  decom- 
posed animal  remains  have  participated  to  a  very  important  extent  in 
the  infiltaration  of  the  thalli  of  the  undestroyed  alg»,  thus  enriching  the 
latter  with  combustible  matter  of  a  distinctly  bituminous  character."*® 

''  An  important  point  to  be  borne  in  mind  is  that  the  attractive  selec- 
tion of  the  bitumens  and  the  consequent  enrichment  of  the  algal  matter 
appears  to  have  been  accomplished  during  the  first  or  biochemical 
change  of  coalification."*^ 

The  actual  formation  of  petroleum  and  other  bitumens  in  peat  bogs, 
at  the  bottoms  of  bays,  along  the  margin  of  the  sea  and  even  on  the  sea- 
floor,  would,  therefore,  appear  to  be  as  well  established  as  any  of  the  facts 
upon  which  the  pressure-distillation  theory  is  based. 

The  association  of  such  petroleum  with  sediments  in  course  of  forma- 
tion, as  already  recorded,  and  the  readiness  with  which  surface  petroleum 
is  carried  down  and  deposited  by  muddy  waters  are  facts  in  favor  of 
contemporaneous  deposition,  which  is  further  sustained  by  many  field 
observations  which  seemingly  admit  of  no  other  explanation.  This  is 
especially  true  of  the  coastal  fields  of  Texas  and  Louisiana. 

The  productive  oil  sands  in  this  region  are  overlain  by  heavy  blue 
clays,  massive  in  structure  and  so  dense  as  to  be  impermeable  either  to 
water  or  oil.  They  are  known  locally  as  "  gumbo."  These  gumbos  carry 
some  included  lenses  of  shale,  but  these  are  as  a  rule  not  incUvidually 
extensive.  They  also  carry  small  pockets  of  pulverulent  gypsum  and 
some  iron  pyrites. 

In  drilling  wells  throughout  this  region  it  is  a  common  thing  to  find 
shows  of  oil,  or  pockets  of  oil,  in  the  midst  of  these  dense  clays,  as  well 
as  in  the  included  shales.  In  a  recent  well  drilled  at  Terry,  in  the  eastern 
part  of  the  State,  we  had  several  such  shows  of  dark  oil  from  the  gumbos 
and  one  of  nearly  white  oil  from  a  small  bed  of  shale  hundreds  of  feet 
above  the  productive  oil  sand,  and  so  separated  from  it  by  dense  layers 
of  giunbo  that  they  could  not  possibly  have  been  derived  from  it.  The 
same  conditions  were  observed  in  many  wells  drilled  at  Saratc^a,  Welsh, 
and  in  other  coastal  fields.  So  far  as  can  be  known  there  is  no  outside 
source  for  these  oil  shows,  the  clays  have  not  been  subjected  to  any 
special  heat  or  pressure,  or  any  decided  earth  movement,  and  the  most 


•"  Economic  Geology,  vol.  iii,  No.  4,  p.  308  (June-July,  1908). 
"  Ibid,,  p.  311. 
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probable  derivation  that  can  be  suggested  for  them  is  that  the  petroleum 
was  deposited  with  the  clays. 

Our  experience  in  drilling  wells  in  the  Mexican  oil  fields  has  ^hown 
similar  occurrences  of  pockets  of  oil  and  gas  in  the  highly  impervious 
shales  and  gumbo,  which  overUe  the  oil-bearing  lunestones  and  in  some 
cases  a  thousand  or  more  feet  above  them.  It  is  true  that  there  is 
abundant  evidence  that  volcanic  forces  have  been  active  in  this  region, 
as  basalt  is  found  in  the  form  of  intrusive  sills  as  well  as  in  extrusions  in 
some  parts  of  the  field,  so  that  in  many  cases  oil  or  gas  may  have  come 
up  from  the  producing  beds  into  overlying  strata  through  fractures  caused 
by  this  action,  but  the  special  occurrences  I  have  here  in  mind  are  from 
wells  which  are  not  so  related  to  any  of  these  basalt  beds  or  extrusives 
as  to  warrant  the  belief  of  such  an  origin.  Furthermore,  if  they  had 
followed  up  from  below  they  should  be  found  more  abundantly  in  the 
sandier  and  more  porous  portions  of  these  shales,  which  is  not  the  case. 

In  northwestern  Colorado  and  northeastern  Utah  the  Mesaverde 
beds  of  the  Upper  Cretaceous  are  both  coal-bearing  and  petroliferous. 
The  basal  portion  of  the  Mesaverde  which  carries  these  deposits  is  made 
up  of  two  bands  of  sandstone  separated  by  a  belt  of  clay  shales.  This 
is  generally  known  as  the  Rim  rock  in  this  region. 

Going  westward  from  Meeker  the  coal  beds  gradually  thin,  until  in 
the  vicinity  of  Vernal  they  are  no  longer  of  the  economic  importance  of 
those  further  east. 

A  little  west  of  Rangely  the  sands  b^in  to  show  indications  of  oil, 
and  these  increase  to  the  westward,  until  the  oil  sands  acquire  very  con- 
siderable thickness.  At  one  locality  an  oil  or  asphaltic  sand  overlies 
a  coal  seam  which  is  seemingly  impr^nated  to  some  extent  with  the 
asphalt. 

West  and  south  of  Vernal  the  outcrop  of  the  Rim  rock  bears  north- 
west to  southeast,  and  the  entire  thickness  of  the  formation  at  this 
point  is  but  a  small  part  of  that  at  Meeker,  or  even  at  Rangely.  It  is 
also  the  highest  member  of  the  Cretaceous  exposed  at  this  place,  being 
directly  overlain  by  the  basal  beds  of  the  Wasatch,  with  an  entire  ab- 
sence, not  only  of  any  trace  of  the  Lewis  shale  or  Laramie,  which  are  found 
in  the  eastern  portion  of  these  coal  fields,  but  of  the  upper  members  of 
the  Mesaverde  itself  as  found  further  east.  Gale  says  of  this  at  another 
locality:" 

"  It  is  therefore  presmned  either  that  beds  corresponding  to  those  now 
found  in  the  Yampa  field  had  been  eroded  from  the  Rangely  district 
and  vicinity  before  the  deposition  of  the  Tertiary  beds  b^an,  or  that  the 
uppermost  Cretaceous  beds  were  never  deposited  in  the  Rangely  dis- 
trict.   In  the  latter  case,  the  time  during  which  these  later  beds  were 

^  BvOetin  No.  350,  U.  S.  Geological  Survey,  p.  23  (1908). 
VOL.  XLvni.— 34 
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being  laid  down  in  other  regions  was  marked  by  dry-land  conditions 
in  this  district." 

In  either  event  this  particular  region  must  have  been  a  land  area  for 
a  time  prior  to  the  beginning  of  the  Wasatch  deposition,  as  is  shown  by 
its  erosion  prior  to  the  deposition  of  the  Wasatch  beds  and  the  character 
of  the  basal  Wasatch  conglomerate. 

Six  miles  south  of  Vernal  the  exposure  of  the  Mesaverde  shows  a 
thickness  of  1,100  ft.  and  is  overlain  by  the  Wasatch  beds. 

Four  miles  southwest  of  Vernal,  by  erosion  of  the  upper  beds,  less  than 
600  ft.  of  the  Mesaverde  sandstone  remain.  Of  this,  the  upper  150  ft. 
of  sands  as  exposed  in  the  Church  quarries  are  rich  in  bitumen,  petroleum 
residue,  evidently  a  partly  exhausted  oil  pool. 

Six  miles  west  of  Vernal  the  Rim  rock  of  bituminous  sandstone  comes 
to  an  end  and  the  Wasatch  conglomerates  seem  to  overlap  upon  the 
underl3ring  Mancos  shale. 

The  Wasatch,  which  is  in  contact  with  the  Mesaverde  at  the  Church 
quarry,  has  thick  beds  of  conglomerate  and  sand  rich  in  oil  residue,  and 
many  of  the  pebbles,  cobbles,  and  boulders  composing  it  are  worn  frag- 
ments of  the  Mesaverde  oil  or  tar  sands  immediately  below.  Many  of 
these  cobbles  are  equally  rich  in  bitumen  with  the  Mesaverde  oil  sands 
from  which  they  came  and  richer  in  oil  than  the  sandy  matrix  in  which 
they  arq  now  imbedded,  showing  that  the  Mesaverde  at  this  locality 
was  the  exposed  edge  of  an  "oil  pool"  in  early  Tertiary  time  when  the 
Wasatch  beds  were  being  laid  down. 

While  this  cannot  be  claimed  as  conclusive  evidence  of  the  con- 
temporaneous deposition  of  petroleum  with  the  Mesaverde  sediments, 
the  time  limit  between  the  deposition  and  extrusion  is  comparatively  a 
short  one  as  measured  by  geologic  units,  and  the  probabilities  are,  at  least, 
in  favor  of  this  assumption. 

Like  conditions,  also,  occur  in  the  Arbuckle  mountains  a  few  miles 
south  of  Sulphur,  Okla.  Here  rich  oil  sands  of  the  Ordovician  were  ex- 
posed in  mid-Carboniferous  time.  The  succeeding  and  now  overlying 
Carboniferous  conglomerates  contain  bitumen-rich  boulders  or  limestone 
and  sandstone  taken  directly  from  the  Ordovician  beds.  Not  only  were 
the  Carboniferous  conglomerates  and  sands  built  up  by  the  actual  transfer 
of  the  bituminous  material,  but  the  contact  relations  of  the  once  oil- 
bearing  Carboniferous  sands  to  the  petroliferous  Ordovician  limestone 
and  sandstone  beds  below  are  such  as  to  suggest  a  strong  probability 
that  the  Carboniferous  beds  were  enriched  by  the  migration  of  oil  from 
the  Ordovician.  2* 

The  facts  brought  out  by  Dr.  Orton  in  his  discussion  of  the  theories 
of  transformation,  already  alluded  to,  seem  also  to  have  a  direct  bearing 
on  this  question. 

**  J.  A.  Taff:  Tishomingo  Folio  and  personal  communication. 
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Dr.  Newberry's  theory  that  no  unusual  temperature  is  needed  for 
the  production  of  oil  by  his  process  of  "spontaneous  distillation''  is 
practically  the  same  as  that  of  more  recent  writers  who,  in  their  advocacy 
of  pressure  distillation,  suppose  that  extended  periods  of  time  may  take 
the  place  of  that  intensity  of  action  which  is  required  in  our  laboratories 
for  the  accomplishment  of  these  results.  This  theory  would  imply  that  if 
organic  substcmces,  such  as  are  petroleum  producing,  still  remain  in  beds  at 
depths  and  temperatures  comparable  to  those  which  have  in  times  past 
yielded  petroleum,  then  petroleum  should  still  be  in  process  of  formation 
in  them.  This  applies  to  buried  fatty  materials  just  as  fully  as  to  other 
organic  matter,  if  fatty  materials  are  necessarily  the  fundamental  form 
of  matter  for  the  production  of  petroleum.  Furthermore,  among  the 
buried  strata  which  have  escaped  wholly  or  even  partly  the  effects  of 
geo-dynamic  action,  there  should  be  beds  which  would  show  some  of 
this  potential  petroleum  as  imbedded  fatty  matter,  but  I  know  of  no 
such  record.  So  far  as  we  know,  the  bitumens  exist  in  the  rock  as  such, 
fully  formed,  and  most  other  organic  matter,  even  that  which  may  be 
regarded  as  "potential  petroleum,"  because  it  will  produce  petrolic  oils  by 
destructive  distillation,  or  possibly  by  so-called  pressure  distillation  or 
geo-dynamic  forces,  exists  as  "coalified"  carbonaceous  material. 

Dr.  Orton,  speaking  of  the  great  shale  formation  of  New  York,  Ohio, 
Pennsylvania,  and  Kentucky,  says: 

"  Petroleum  is  present  in  all  fresh  samples  of  bituminous  shale,  not 
potentially,  but  actually,  existing  in  them  as  petroleum,  and  the  amount 
is  susceptible  of  measurement 

"It  must  not  be  inferred  from  these  statements,  however,  that  the 
shales  monopolize  the  petroleum  of  the  bedded  rocks  of  the  Mississippi 
valley.  The  claim  that  the  limestones  are  distinctly  petroliferous  is 
abundantly  established  by  examination  of  the  various  strata.  Every 
important  member  of  the  entire  scale  contains,  disseminated  through 
at  least  portions  of  its  extent,  petroleum  in  large  enough  amount  to  admit 
of  measurement.  The  Trenton  limestone,  the  Clinton,  Niagara,  Lower 
Helderberg,  Corniferous  and  St.  Louis  limestones,  each  and  all  furnish 
conspicuous  examples  of  its  presence  in  noteworthy  amount."^* 

As  has  been  noted,  Munn  and  Murray  Stuart  make  no  claims  for  the 
contemporaneous  deposition  of  petroleum  in  any  but  shale  beds,  but  it 
would  seem  that  no  obstacle  intervenes  to  prevent  the  extension  of  this 
theory  to  limestones  as  well,  and  in  this  manner  include  the  earlier  theory 
of  Hunt,  especially  if  algal  remains  be  recognized  as  one  of  the  very 
important  factors  in  the  production  of  petroleum.  Dr.  David  White 
has  called  especial  attention  to  the  prevalence  of  algal  remains  in  various 
oil  rocks,  and  Dr.  Clarke  has  indorsed  the  suggestion  of  Bailey  Willis, 


"  Orton:  Kentucky  Geological  Survey,  p.  50. 
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that  some  marine  limestones  have  been  formed  by  plant  agendes^  with  the 
following  statement: 

''In  the  shallow  seas  which  are  thought  to  have  covered  a  large  part 
of  the  North  American  continent  the  calcium  carbonate  may  well  have 
been  thrown  down  by  algse.  To  produce  a  permanent  deposit,  however, 
the  water  must  have  been  too  warm  to  carry  much  carbonic  acid  in 
solution,  and  too  shallow  for  the  precipitate,  while  sinking,  to  redis- 
solve."*' 

Blackwelder,**  in  a  recent  paper,  suggests  that  the  "structures" 
which  form  so  large  a  part  of  the  Bighorn  dolomite  of  Wyoming  are  of 
algal  origin,  and  notes  the  strong  odor  of  petroleum  emitted  by  the  rock 
when  freshly  broken. 

Deposition  of  such  petroleum-producing  materials  as  are  recorded  by 
Kramer  and  Spilker  and  by  Potoni6,  or  of  petroleum,  not  only  could 
have  been,  but  evidently  has  been,  made  in  such  seas  as  this  also,  and 
contemporaneous  deposition  with  the  consequent  limestones  is  as  much 
a  fact  as  with  the  shales  formed  from  the  muddy  sediments  observed  by 
them  and  others. 

While  many,  if  not  all,  of  the  theories  advanced  as  to  the  production 
of  petroleum  have  in  them  some  elements  of  truth,  and  while  we  believe 
that  under  diverse  conditions  petroleum  may  be  and  is  formed  in  many 
different  ways,  the  theory  here  outlined  which  recognizes  the  formation 
as  petroleum  under  suitable  paludal,  bog,  or  marine  conditions,  at  ordinary 
temperatures,  by  natural  processes,  the  transformation  being  accom- 
plished while  the  organic  matter  still  retains  essentially  its  original  char- 
acter, and  its  deposition  as  petroleum  with  other  sediments  of  its  day, 
seems  well  supported  by  observational  facts,  and  its  very  simplicity  and 
general  applicability  appear  to  offer  strong  grounds  for  the  belief  that  it 
will  sooner  or  later  come  to  be  recognized  as  one  of  the  principal  methods 
of  the  formation  and  accumulation  of  petroleum. 

In  such  case,  all  indigenous  or  primary  deposits  of  petroleum  would 
be  of  the  same  age  as  the  sediments  in  which  they  occur  and  those  of 
secondary  or  migrating  oil  would  be  of  different  age  from  the  inclosing 
beds. 


'•  Data  of  Geochemistry,  p.  526. 

**  BuUetin  of  the  Geological  Society  of  America,  vol.  xxiv,  No.  4,  pp.  607  to  624 
(Dec.,  1913). 
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History 

Illinois  has  so  recently  attained  the  third  place  in  the  oil  production 
of  the  United  States  that  few  realize  its  great  importance,  or  are  aware 
of  its  highly  profitable  character.  Since  1907  Illinois  has  furnished 
about  15  per  cent,  of  the  United  States  output  and  about  10  per  cent, 
of  the  world's  production,  ^he  value  of  the  output  in  1913  is  estimated 
at  $30,000,000,  of  which  about  {20,000,000  is  profit. 

The  present  prosperity  dates  from  1905,  but  efforts  have  been  made 
since  1865  to  develop  production  and  geologists  have  been  very  sanguine 
as  to  its  future  for  over  25  years.  Had  the  oil  operators  been  as  confident 
as  the  geologists,  the  field  would  have  been  opened  at  least  30  years 
earlier.  For  the  rich  Eastern  Illinois  oil  field  is  located  along  the  La 
Salle  anticline,  that  was  mapped  46  years  ago  by  Professor  Worthen  in  the 
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jBrst  geological  survey  of  the  State. ^  Prof.  T.  B.  Comstock  enthusias- 
tically wrote  in  1887^  about  the  highly  promising  character  of  this 
anticline;  to  which  he  again  called  attention  in  1889.' 

The  writer's  studies  in  1888  were  convincing  as  to  its  oil  future,  yet 
to  have  then  advocated  drilling  would  have  earned  the  reputation  of 
being  a  dreamer.  In  fact,  as  late  as  1903  the  writer's  suggestion  to  a 
prominent  Pittsburg  oil  operator  to  prospect  in  Illinois  met  with  con- 
tempt and  derision,  which  was  representative  of  the  general  feeling  then 
held  by  the  oil  fraternity,  yet  this  same  party  made  a  large  fortune  four 
years  later  out  of  a  block  of  Illinois  oil  leases. 

The  first  commercial  wells  were  brought  in  at  Litchfield,  50  miles 
northeast  of  St.  Louis,  where  in  1882,  in  drilling  for  coal,  gas  was  discovered 
that  supplied  the  town  several  years.  Later,  some  oil  wells  were  brought 
in  that  until  1902  produced  a  lubricating  oil  that  sold  for  $5  a  barrel. 

In  1887,  at  Sparta,  40  miles  southeast  of  St.  Louis,  in  drilling  for 
water,  gas  was  discovered  that  supplied  the  tovm  about  20  years,  and  iq 
1906  several  oil  wells  were  brought  in  half  a  mile  northeast  of  the  gas 
wells. 

In  1890,  in  drilling  for  water,  gas  was  discovered  near  Pittsfield,  in 
Pike  county,  that  later  developed  into  a  field  over  10  miles  long. 

The  present  highly  prosperous  era  dates  from  1904,  when  a  small 
gas  well  was  drilled  near  Cas6y,  in  Clark  county,  by  J.  J.  Hoblitzell,  who 
was  induced  to  prospect  at  Oilfield  on  the  showing  of  oil  and  gas  made 
by  some  old  wells  that  had  been  drilled  in  1865  by  Chicago  parties.  The 
latter  drilled  several  wells  on  the  evidence  of  oil  and  gas  seepages,  but, 
although  a  little  was  found,  the  wells  were  a  failure  from  not  casing  off 
the  water;  i.e.,  they  were  drowned  out.  Several  more  small  wells  were 
brought  in,  but  they  were  so  discouraging  that  they  failed  to  interest  the 
scouts  that  flocked  in  when  leases  were  only  $5  to  $10  an  acre.  When  a 
40-barrel  well  was  subsequently  brought  in,  the  "talent"  promptly 
scurried  after  leases,  which  rapidly  advanced  to  $100  to  $200  an  acre, 
and  since  then  the  Eastern  Illinois  field  has  rapidly  developed  along  the 
La  Salle  anticline.  The  southern  extension  was  discovered  in  February, 
1906,  in  Crawford  county  and  by  midsummer  the  adjoining  Lawrence 
county  began  producing.  The  Allendale  pool,  at  the  south  end,  was  dis- 
covered in  September,  1912.  Shipmients  by  tank  cars  started  in  June, 
1905,  and  within  a  year  the  first  pipe  line  reached  the  field,  followed 
by  four  others  that  had  a  daily  capacity  of  112,000  barrels  by  1909. 

On  the  western  side  of  the  State,  the  Butler  oil  and  gas  was  discovered 
in  1907,  the  Centralia  pool  in  1908,  the  Greenville,  Carlinville,  and  Sando- 
val pools  in  1909,  and  the  Carlyle  pool  in  1911. 

*  Geological  Survey  of  Illinoiay  vol.  iii  (1868). 

*  Oil  and  Natural  Gas  in  Illinois,  Proceedings  of  the  lUinois  Society  of  Engineers 
and  Surveyors,  vol.  11,  p.  92  (1887), 

» Engineering  and  Mining  Journal,  vol.  xlviii,  No.  26,  p.  665  (Dec.  28,  18S9). 
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The  total  production  to  Jan.  1,  1914,  is  209,018,914  barrels,  valued 
at  $156,025,398,  as  shown  in  Table  I.  This  record  for  output  and 
values  has  never  been  equaled  by  such  a  young  field,  as  it  requires  time, 
as  well  as  capital,  to  develop  a  new  field,  especially  where  there  was  such 
a  lack  of  confidence.  While  the  latter  has  disappeared  since  1906  on  the 
eastern  side  of  tke  basin,  it  still  holds  as  regards  the  western  side 
of  the  basin. 


Table  I. — Summary  of  lUinois  Oil  Produdion 


Year 

1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 


Output 

Barrels 

181,084 

4,397,050 

24,281,973 

33,686,238 

30,898,339 

33,143,362 

31,317,038 

28,601,308 

22,512,522 


Value 

$116,561 
3,274,818 
16,432,947 
22,645,881 
19,788,864 
19,699,383 
19,734,339 
24,332,605 
30,000,000 


Stocks  Dec.  31 
Barrels 


2,509,598 
15,751,305 
29,209,660 
32,343,887 
31,324,784 
24,063,870 
15,709,738 

5,613,372 


Produc- 
ing Wells 
189 
3,093 
7,353 
10,372 
11,152 
12,171 
12,753 
13,222 
14,000? 


Average 

Price 

$0.64 

.75 

.  .68 

.67 

.64 

.59 

.63 

.85 

1.32 


Total 209,018,914        $156,025,398 
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Fig.  1.— Chart  Showing  Output,  Stocks,  Prices,  and  Wells,  Illinois  Oil  Fields. 
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Since  1904,  21,730  wells  were  drilled  up  to  Jan.  1,  J914,  of  which  82.9 
per  cent,  were  producers,  that  came  in  with  an  average  daily  production 
of  38.5  barrels  per  well,  according  to  the  monthly  statistics  published  by 
the  Oil  City  Derrick  (Oil  City,  Pa.).  This  average  is  based  on  tank  gaug- 
ings,  and  while  it  is  much  below  the  popular  estimates,  it  is  high  compared 
with  the  other  high-grade  oil  fields.  The  value  of  wells  averaging  38 
barrels  will  be  appreciated  when  it  is  considered  that  a  100-acre  lease  in 
Illinois  that  averages  10  barrels  per  well  usually  nets  100  to  125  per  cent, 
on  the  investment. 

A  condensed  risumi  of  the  Illinois  oil  statistics  is  presented  in  the 
diagram,  Fig.  1,  which  shows  the  annual  production,  the  total  production, 
surplus  stocks,  average  annual  prices,  the  oil  wells  drilled,  and  the 
number  of  producing  wells. 

Location 

The  Illinois  oil  fields  are  in  the  southern  half  of  the  State  and  consist 
of  two  groups,  known  as  the  Eastern  and  the  younger  Western  fields. 

The  Eastern  Field. — ^The  Eastern  field  is  situated  along  the  eastern 
edge  of  the  State  and  mainly  in  Clark,  Crawford  and  Lawrence  counties, 
with  slight  extensions  into  Edgar,  Coles,  Cumberland,  Jasper,  and  Wabash 
counties.  The  strike  is  quite  regular  and  runs  about  20^  west  of  north. 
The  length  in  Illinois  is  66  miles  from  the  Westfield  pool  at  the  north  end 
to  the  Allendale  pool  at  the  south  end.  The  field  crosses  the  Wabash 
river  at  St.  Francisville  and  extends  45  miles  through  the  southwestern 
portion  of  Indiana  and  continues  50  miles  southward  to  Hartford,  in 
Kentucky,  where  several  wells  were  brought  in  last  summer.  This  gives 
a  length  of  over  160  miles  along  the  La  Salle  zone  of  deformation  on  which 
oil  and  gas  have  been  developed.  A  marked  change  occurs  beyond  the 
Illinois  border,  as  the  field  becomes  very  irregular  and  highly  spotty,  at 
least  as  far  as  developed,  and  lacks  the  remarkable  reliability  and  con- 
tinuity that  characterize  it  in  Illinois.  The  width  of  the  field  ranges  from 
2  to  4  miles  at  the  northern  end  and  from  5  to  12  miles  in  the  central  and 
southern  portions.  The  field  seems  to  be  over  20  miles  wide  in  Crawford 
county,  but  this  is  undoubtedly  due  to  a  cross  anticline,  the  influence  of 
which  is  seen  in  the  new  pools  being  opened  in  Sullivan  county,  Ind., 
which  adjoins  it  on  the  east. 

The  accompanying  three  maps,  Fig.  2,  illustrate  the  development  of 
the  field  when  respectively  two,  four,  and  nine  years  old.  They  show  that 
it  is  premature  to  define  the  limits,  as  the  boundaries  are  constantly 
extending,  and  new  sands  are  being  brought  in.  A  study  of  these  maps 
shows  that  at  the  end  of  two  years,  when  about  4,000  holes  had  been 
drilled,  apparently  less  than  25  per  cent,  of  the  area  along  the  anticline 
was  productive.  At  the  end  of  four  years,  when  about  12,000  holes  had 
been  drilled,  fully  50  per  cent,  was  found  to  be  productive.    At  the  end 


THS  ILLINOIS  OIL  FI1BLD8 


537 


o 


I 


o 


I 

« 

£1 


538 


THE  ILLINOIS  OIL  FIELDS 


of  nine  years,  when  about  21,000  holes  had  been  drilled,  over  80  per 
cent,  had  proved  productive.  The  Eastern  Illinois  field  to-day  is  the 
largest,  most  regular,  and  most  reliable  individual  oil  field  in  the  United 
States.     If  the  Allendale  pool  is  omitted,  there  is  only  one  break  in  its 
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Fig.  3. — Map  Showing  Westebn  Illinois  Oil  Field. 


continuity  in  60  mUes,  or  where  the  Embarrass  river  crosses  the  anticline. 
While  to-day  several  miles  separate  the  Allendale  pool  from  the  main 
field,  more  thorough  drilling  may  show  that  the  intervening  ground 
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is  productive,  as  this  has  repeatedly  happened  in  the  past  eight  years' 
experience. 

The  Western  Field. — The  Western  Illinois  oil  and  gas  field  is  situated 
in  Marion,  Clinton,  Bond,  Montgomery,  Macoupin,  Morgan,  Pike, 
Madison,  St.  Clair,  Randolph,  Jackson,  and  Perry  counties,  as  shown 
on  the  accompan3ring  map.  Fig.  3.  As  the  western  flank  of  the  Illinois 
basin  is  about  three  times  larger  than  the  eastern,  and  as  there  are 
more  anticlines,  it  will  probably  develop  into  a  larger  field  and  ultimately 
produce  more  oil,  although  this  prediction  to-day  seems  as  rash  as  earlier 
ones  made  by  the  writer  that  have  since  made  good.  For  the  sands  and 
other  favorable  formations  are  practically  identical  on  both  sides  of  the 
basin,  while  the  more  numerous  western  anticlines  have  a  much  larger 
collecting  area  to  supply  them.  As  the  Western  field  lacks  the  sim- 
plicity and  regularity  of  the  Eastern  field,  it  will  be  more  difficult  to 
prospect  and  the  percentage  of  dry  holes  will  be  larger,  especially  if 
developed  in  the  haphazard  manner  in  which  most  prospecting  is  carried 
on  by  "practical"  oil  men.  For  the  attitude  of  most  oil  operators 
toward  the  aid  that  can  be  rendered  by  geology  and  trained  experience 
is  similar  to  that  of  the  steel  maker  50  years  ago  about  a  chemist — "an 
amusing  scientific  chap  who  uses  big  words  but  knows  nothing  about 
making  steel.'' 

Geology 

Structure. — The  geological  structure  of  Illinois  is  comparatively  simple 
and  regular,  like  its  topographic  features,  which  latter  mainly  consist  of 
a  very  slightly  undulating  sheet  of  glacial  drift  50  to  150  ft.  thick  through 
which  occasional  sluggish  streams  have  sometimes  eroded  to  bed  rock. 

Under  the  flat  prairie  surface  occurs  a  spoon-shaped  basin.  Its 
north-and-south  axis  is  400  miles  long  and  its  width  is  140  to  180  miles. 
The  basin  is  occupied  by  alternating  sediments,  mainly  of  Carboniferous 
age,  that  have  a  maximum  thickness  of  about  2,000  ft.  The  formations 
thin  out,  die  out,  and  outcrop  toward  the  north  and  thicken  and  increase 
in  number  toward  the  south.  The  oil-bearing  "sands"  tend  to  decrease 
in  richness  toward  the  north,  as  a  result  of  this  thinning  of  the  beds,  and 
tend  to  enrich  toward  the  south,  from  the  thickening  of  same,  until 
they  come  within  the  malignant  influence  of  the  Ozark  uplift.  Thinning 
and  impoverishment  of  the  oil  sands  toward  the  north  also  occur  in  the 
similar  Mid-Continent  oil  field  (Oklahoma  and  Kansas),  in  which  the 
present  production  is  also  derived  from  the  coal  measures,  and  a  similar 
uplift  ruins  the  southern  end  of  the  field. 

Upon  the  flanks  of  the  Illinois  basin  occur  anticlines,  or  folds,  or 
elongated  domes,  which  in  water-charged  sediments  are  the  natural 
traps,  or  zones  of  arrest,  or  concentration  areas,  of  oil  and  gas.     The 
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anticlines  vary  considerably  in  the  amount  of  the  doming  and  are 
relatively  flat  and^broad  compared  with  those  of  Pennsylvania.  They 
are  usually  flatter  and  less  persistent  in  the  Western  field  and  tend  more 
to  the  type  of  a  series  of  domes  along  the  uplift,  rather  than  a  con- 
tinuous ridge  type  as  in  the  main  Eastern  field. 

Coal  Measures. — The  oil  thus  far  produced  in  Illinois,  with  minor 
exceptions,  is  derived  from  the  Carboniferous  system,  or  the  coal  measures, 
which  consist  of  alternating  shales  5  to  150  ft.  thick,  limestones  2  to  50 
ft.,  bitmninous  coals  1  to  8  ft.,  and  sandstones 5  to 60  ft.  The  accompany- 
ing well  section  illustrates  the  variety  and  thickness  of  the  formations,  in 
which  only  the  basal  sandstone  (the  Ferruginous,  or  Benoist)  carried 
oil  at  this  particular  place.  The  six  sandstones  between  915  and  1,439 
ft.  frequently  contain  oil  at  other  places,  especially  in  Lawrence  county, 
while  two  shallow  sands  did  not  show  in  this  well,  of  which  the  Dykstra 
(600  ft.)  produced  oil  2  miles  west  of  this  hole. 

The  shales  fluctuate  greatly  in  color,  texture,  and  thickness  and 
are  always  the  predominating  formation.  The  limestones  are  usually 
thin  and,  with  one  exception,  are  not  persistent.  The  coal  seams  are 
generally  thin,  or  1  to  3  ft.,  excepting  No.  6,  and  occasionally  Nos.  5 
and  2,  which  range  from  4  to  8  ft.  The  thin  seams  are  not  persistent, 
while  No.  6  is  remarkably  persistent  in  western  Illinois  and  is  easily  recog- 
nized by  its  limestone  roof.  The  sandstones  are  usually  porous,  are  firm 
and  stand  up  well,  and  are  generally  water-bearing.  The  porosity  varies 
considerably,  and  to  a  less  extent  the  fineness  of  grain,  which  largely 
explains  the  variations  of  different  wells  in  the  same  field  when  not 
complicated  by  a  variable  thickness. 

Type  Section  of  an  Illinois  Oil  Well 

The  Langewich  Well,  Centralia;  70  Barrels 

Formation  TWdmess  Depth 

Feet  Feet 

Sandy  clays  (drift) 155  165 

Shale 10  165 

Limestone 10  175 

Shale : 90  265 

Limestone 20  285 

Black  shale 67  352 

White  shale 8  360 

Black   shale 115  475 

White  shale 25  500 

Black   shale 115  615 

Limestone * : 10  625 

Coal — No.  6  seam 7  632 

Black  shale 18  650 

Limestone 25  675 
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„         ..  ThioknesB  Depth 

^<>^^^'^^  Feet  Feet 

White  shale 40  716 

Dark  shale 33  748 

Coal  No.   5 6  753 

Black  shale 42  795 

White  shale 60  846 

Black  shale ^    30  875 

Limestone *    12  887 

Black  shale 13  900 

Limestone 15  915 

Sandstone—dark. 16  930 

Black  shale 80  1,010 

Sandstone—B&ii  water 11  1,021 

Black  shale 16  1,037 

Sandstone— Bali  water 43  1,080 

Black  shale 20  1,100 

Limestone — ^hard 26  1,126 

Black  shale 61  1,176 

Limestone  and  shale 60  1,226 

White  shale 24  1,260 

Black^hale 45  1,296 

Sandy  limestone 10  1,306 

Sandstone--d&Tk 38  1,343 

Dark  shale 26  1,368 

Sandstone— white 23  1,393 

limestone * 17  1,410 

Shale 14  1,424 

Sandstone 15  1,439 

"Red  rock"  (shale) 11  1,460 

Dark  shale 6  1,456 

Limestone 30  1,486 

White  shale 80  1,616 

Limestone 7  1,622 

"Pencil  slate"  (caves) 30  1,552 

"Red  rock"  (shale) 8  1,560 

Shale 32  1,692 

Oa  sand— 9  ft.  pay 39  1,631 

(The  "big  lime"  is  probably  at  1,650  to  1,700  ft.) 


SvIhCarboniferous. — ^The  following  successively  deeper  measures  occur 
in  Illinois^  some  of  which  have  an  assured  future  as  oil  producers: 

The  Sub-Carboniferous,  or  the  Mississippian,  immediately  underlies 
the  coal  measures  and  is  500  to  1,(X)0  ft.  thick.  It  consists  mainly  of 
limestones  and  is  known  as  the  "big  lime"  by  the  drillers.  An  upper  bed 
(the  St.  Genevieve)  that  is  known  as  the  "McCloskey  sand"  is  occasion- 
ally oolitic  and  has  proved  the  richest  in  the  State,  a^  the  wells  occasionally 
come  in  at  1,000  to  4,000  barrels. 

^  '  Beneath  the  "big  lime"  occurs  a  shale  bed  that  when  sandy  was 
found  to  carry  oil  and  gas  along  a  small  anticline  in  St.  Louis  on  the 
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western  fringe  of  the  basin.  Like  all  thick  limestones,  even  when  mostly 
non-magnesian,  like  this,  there  is  always  the  possibility  of  crevices  and 
chambers  serving  as  reservoirs  for  oil  accumulation  that  are  likely  to 
produce  good  wells.  While  such  reservoirs  are  erratic '  and  will  be 
diflScult  to  find,  they  suggest  occasional  wells.  The  200  water  wells 
drilled  about  St.  Louis  in  this  formation  occasionally  show  oil,  which 
indicates  that  where  artesian  conditions  have  not  washed  away  the  oil 
valuable  wells  will  be  found. 

Where  a  fault  has  exposed  the  "  big  lime"  as  a  bold  blufif  near  Grafton, 
30  miles  northwest  of  St.  Louis,  it  is  soaked  with  oil  for  about  125  ft. 
This  "oil  in  sight*'  stimulated  considerable  drilling  in  the  neighborhood 
that  resulted  in  dry  holes,  as  the  oil  that  once  filled  the  limestone  escaped 
millions  of  years  ago  through  the  "  knocking  out  of  the  head  of  the  barrel " 
by  the  fault.  This  exposure  is  highly  important  in  almost  assuring  large 
wells  when  this  horizon  is  tapped  under  a  thick  cover  with  favorable 
structural  conditions. 

Recently  wells  of  10  to  25  barrels*  have  been  found  in  Oklahoma  in  the 
"big  lime,"although  the  prospect  drilling  in  that  field,  as  in  Illinois,  has 
almost  invariably  stopped  at  the  top  of  this  formation.  As  the  geology 
of  the  Oklahoma  and  Illinois  fields  is  similar  in  many  respects,  the  devel- 
opments in  either  field  are  likely  to  prove  helpful  in  prospecting  the  other. 

The  Devonian. — The  Devonian  formation  is  usually  thin,  or  2  to  10 
ft.,  where  it  outcrops  along  the  Mississippi  river,  on  the  western  edge 
of  the  basin,  and  is  generally  a  black  shale.  It  has  been  found  over  100 
ft.  thick,  and  when  sandy  is  likely  to  be  an  important,  though  erratic, 
producer  of  oil.  Some  oil  of  excellent  grade,  or  39°  B.,  was  found  in 
the  Devonian  at  Old  Ripley,  in  Bond  county,  40  miles  northeast  of  St. 
Louis,  at  2,000  ft.,  and  also  at  Peters,  10  miles  northeast  of  St.  Louis,  at 
1,300  ft.,  but  at  both  places  the  sand  was  very  thin  and  hence  the  wells 
were  small. 

The  Niagara  Limestone, — The  Niagara  limestone  is  50  to  200  ft.  thick. 
The  Pike  County  gas  field  at  150  ft.  in  western  Illinois  and  the  recently 
developed  deep  sand  (2,800  ft.)  at  Casey,  in  eastern  Illinois,  are  in 
this  formation.  The  famous  old  crevice  well  at  Terre  Haute,  Ind.,  30 
miles  east  of  Casey,  also  is  in  the  Niagara  lime.  Where  this  limestone  is 
dolomitic,  and  consequently  porous,  as  in  Pike  county,  it  is  likely  to 
prove  a  productive  horizon  if  anticlines  or  other  structural  conditions 
are  favorable. 

The  Trenton  Limestone, — The  Trenton  is  200  to  400  ft.  thick  and  is 
partly  a  porous  dolomite  and  partly  a  compact  limestone.  A  shale  that 
occurs  with  it  is  so  heavily  soaked  with  oil  as  to  burn  like  a  candle  and 
is  known  as  "oil  rock"  where  it  outcrops  for  about  300  miles  along  the 


^  Since  the  above  was  written,  a  250-barrel  well  has  been  struck  at  Big  Heart, 
Okla.,  at  a  depth  of  300  ft.  in  the  ''big  lime''  and  with  a  surface  depth  of  2,200  ft. 
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western  fringe  of  the  basin.  This  is  the  formation  that  carries  the  oil 
and  gas  in  the  adjoining  Indiana  field  and  also  in  the  Lima  field,  of  western 
Ohio.  As  it  is  usually  2,500  to  3,500  ft.  deep  in  southern  Illinois  and  has 
a  thick  shale  cover,  it  is  likely  to  be  a  rich  gas  producer,  as  the  great 
depth  has  probably  prevented  leakage.  It  is  a  promising  formation 
for  both  oil  and  gas  and  underlies  the  entire  oU  field,  though  at  varying 
depths. 

Very  Deep  Sands. — About  200  to  400  ft.  below  the  Trenton  occurs 
the  St.  Peters  sandstone,  which  is  usually  100  to  200  ft.  thick  and  gen- 
erally coarse  and  very  porous.  Still  deeper  are  the  "  second  "  and  "  third  " 
sandstones,  that  are  interbedded  with  magnesian  limestones.  While 
these  are  possible  oil  horizons,  there  are  features  that  are  not  encouraging, 
while  the  depth  will  be  4,000  to  5,000  ft. 

Oil  Conditions, — The  chemical,  physical,  and  structural  conditions 
in  Illinois  are  ideal  for  the  occurrence  of  profitable  oil  pools,  and  the 
geologists  incurred  little  risk  in  predicting  their' discovery  many  years  in 
advance  of  the  drill.  For  there  is  an  abundance  of  material  to  produce 
the  oil  in  the  bituminous  shales,  organic  formed  limestones,  and  coals. 
There  are  numerous  porous  beds  to  act  as  reservoirs  in  the  porous  sand- 
stones and  dolomites.  There  are  many  shales  to  act  as  impervious  covers, 
or  "stoppers  to  the  bottle."  There  is  a  continuous  dip  on  the  sides  of 
the  basin  to  permit  gravity  to  rearrange  the  original  concurrent  asso- 
ciation of  water,  oil,  and  gas.  There  are  anticlines  to  trap  or  arrest 
the  ascending  oil  and  gas  and  concentrate  them  into  pools,  and  the 
magnitude  of  the  basin  is  sufficient  to  insure  large  pools.  Stratigraphic 
conditions  have  prevented  artesian  circulation,  at  least  in  the  lower 
sands,  thus  preventing  the  washing  away  and  dissipation  of  the  oil  after 
reaching  the  anticlines.  Faults  and  dikes  are  either  absent,  or  are  so 
slight  in  the  main  part  of  the  basin  as  not  to  interfere  with  the  accu- 
mulation of  the  oil,  or  to  cause  its  dissipation.  While  these  conditions 
have  been  known  to  the  geologist  for  a  long  time,  it  is  only  since  1905 
that  they  have  been  demonstrated  to  the  satisfaction  of  the  oil  operators 
on  the  eastern  side  of  the  basin.  The  oil  men  are  still  skeptical  as  to 
the  western  field,  which  is  only  in  the  infancy  of  its  development,  and 
they  have  thus  far  lacked  the  courage  to  test  the  deeper  horizons 
below  the  coal  measures. 

Description  of  the  Eastern  Illinois  Field 

The  Eastern  field  is  situated  along  a  strong  anticlinal  fold  known  as 
the  "La  Salle,"  as  it  passes  through  the  town  of  La  Salle  in  northern 
Illinois,  where  it  is  a  heavy  fault.  As  the  axis  of  the  anticline  dips  south, 
the  sands  deepen  and  increase  in  number  and  thickness  to  the  southward. 
The  No.  6  coal  seam,  which  is  well  marked  and  persistent  in  western 
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Illinois,  serving  as  a  valuable  datum  plane,  is  frequently  absent  in  eastern 
Illinois,  or  is  difficult  to  recognize,  so  that  the  correlation  of  the  *'  sands  " 
is  uncertain.  All  of  the  sandstones  (or  ''sands")  are  more  or  less  len- 
ticular, as  usual,  or  thicken  and  thin,  come  in  and  die  out,  although  two 
of  them  are  surprisingly  persistent. 

The  field  is  divided  into  three  districts,  each  of  which  has  marked 
individuality,  which  are  known  as:  1,  the  Clark  County,  or  Northern, 
or  Shallow,  district;  2,  the  Crawford  County,  or  Central,  district;  and 
3,  the  Lawrence  County,  or  Southern,  or  Deep,  district. 

The  Northern  District. — The  Northern  district  is  mainly  in  Clark 
county,  with  slight  extensions  into  Edgar,  Coles,  and  Cumberland  coun- 
ties. Casey  is  the  commercial  center,  which,  like  the  other  towns  in  the 
oil  belt,  has  greatly  grown  and  prospered  since  the  field  opened  in  1905. 

Most  of  the  wells  are  350  to  400  ft.  deep  and  are  in  a  light  gray, 
porous,  dolomitic  limestone  that  has  8  to  30  ft.  of  pay.  The  wells  come 
in  at  an  average  of  25  barrels,  ranging  from  5  to  50  and  occasionally 
at  100  to  200  barrels  per  day.  The  small  cost  of  a  well  resulted  in  con- 
siderable over-drilling,  with  a  consequent  rapid  decline,  and  many  wells 
were  abandoned  when  they  fell  off  to  one  to  two  barrels  with  oil  selling 
at  60c.  to  68c.  Recently  the  abandoned  leases  have  been  re-drilled  and 
again  made  very  profitable,  especially  as  another  oil  horizon  has  been 
found  40  to  100  ft.  deeper,  that  comes  in  at  10  to  50  barrels. 

In  the  Siggins  pool,  2  miles  west  of  Casey,  a  sand  occurs  at  600  ft. 
that  is  20  to  60  ft.  thick  and  came  in  with  10  to  100  barrel  wells  and 
plenty  of  gas. 

Oil  shipments  by  rail  b^an  in  June,  1905,  and  in  the  following 
three  years  the  field  developed  rapidly.  Since  then  the  extensions  have 
been  slight  and  there  was  little  activity  until  last  year,  when  a  second 
pay  was  found  at  about  450  ft.  The  district  is  producing  about  7,000 
to  8,000  barrels  daily. 

Recent  deep  drilling  near  Westfield,  at  the  northern  end  of  the  fields 
has  found  a  dark-green,  high-paraffine  oil  at  2,750  ft.  As  the  wells  are 
small  for  such  a  deep  sand,  or  10  to  20  barrels  thus  far,  only  a  few  have 
been  drilled  and  they  are  on  the  western  edge  of  the  pool.  They  are 
probably  in  the  Niagara  limestone,  as  are  the  Terre  Haute  well,  30  miles 
east,  and  also  the  Pike  County  gas  field,  in  western  Illinois. 

The  Crawford  County  District. — ^The  Central,  or  Crawford  County, 
district,  with  Robinson  as  the  commercial  center,  is  the  largest  in  area 
and  has  made  the  highest  output,  as  100,000  barrels  a  day  were  pro- 
duced in  1907.  It  occupies  the  greater  part  of  Crawford  county,  with 
a  slight  overlap  into  Jasper  county  on  the  west,  and  extends  to  Indiana 
on  the  east.  The  great  width  of  over  20  miles  that  the  field  seems  to 
have  is  undoubtedly  due  to  a  cross  anticline  that  extends  into  Sullivan 
county,  Ind. 
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The  main  producing  horizon  occurs  at  about  900  ft.  and  is  known  as 
the  Robinson  sand.  It  ranges  from  8  to  30  ft.  in  thickness,  averaging 
20  ft.,  and  the  wells  come  in  with  an  average  of  about  30  barrels  per  day, 
ranging  from  5  to  100  and  occasionally  200  to  500  barrels.  A  sand  known 
as  the  Eibbe  occurs  at  750  ft.  in  the  northern  part  of  the  county,  and 
deeper  sands  occur  at  1,100  and  1,400  ft.  (the  latter  resting  on  the  ''big 
lime'')  over  portions  of  the  field,  but  they  are  narrower  and  less  reliable 
than  the  Robinson  sand. 

The  district  was  opened  in  February,  1906,  by  the  discovery  of  the 
rich  Shire  pool,  near  Oblong,  as  the  result  of  wild-catting  started  by  a 
salted  well.  The  latter  opened  the  field  at  least  a  year  earlier  than 
would  have  resulted  from  conservatively  edging  southward  from  the 
Casey  district.  Four  very  active  years  of  drilling  followed,  that  rapidly 
enlarged  the  field,  and  for  the  past  six  years  it  has  been  a  consistent 
producer,  as  the  average  well  came  in  at  22  to  28  barrels.  There  has 
been  considerable  over-drilling,  especially  where  the  early  wells  were 
large,  and  the  wells  have  therefore  declined  to  a  very  moderate  produc- 
tion.    The  daily  output  of  the  district  is  about  12,000  to  15,000  barrels. 

A  local,  but  unsuccessful,  company  drilled  several  tests  about  Robin- 
son in  1901  to  1903,  that  found  trifling  amounts  of  oil  and  gas.  Develop- 
ments since  then  show  that  some  of  the  holes  were  located  in  the  pool, 
and  had  intelligent  advice  been  secured  the  efforts  would  have  been 
rewarded  with  huge  profits.  This  experience  of  the  pioneers  failing  where 
later  followers  have  reaped  generous  rewards  has  been  repeatedly  dupli- 
cated in  Illinois.  Within  the  past  few  months  town-lot  wells  are  being 
drilled  in  Robinson,  which  was  condemned  by  the  earlier  oil  men  from 
the  neighboring  dry  holes.  Another  very  reliable  pool,  where  42  good 
wells  were  consecutively  brought  in  on  one  lease,  was  discovered  18 
months  ago  in  the  heavily  condemned  territory  3  miles  north  of  Robinson. 

The  Lawrence  County  District. — Lawrence  county,  at  the  southern 
end  of  the  field,  is  probably  the  richest  producer  of  high-grade  oil  of 
any  county  in  the  world.  A  few  pools  have  attained  a  larger  initial 
production,  but  the  nine  sands  and  their  great  staying  power  have  enabled 
Lawrence  county  to  maintain  a  daily  production  of  40,000  to  60,000 
barrels  for  the  past  seven  years.  Yet  the  first  three  tests  were  dry  holes 
in  what  has  since  proved  to  be  the  heart  of  the  pool.  The  old  oil  operators 
were  afraid  of  it  and  promptly  sold  out  in  its  early  development,  as  there 
was  no  gas.  It  occupies  the  greater  part  of  Lawrence  county,  with  a  small 
extension  to  Allendale  on  the  south,  in  Wabash  county.  Bridgeport  is 
the  commercial  center,  where  the  field  was  opened  in  1906  with  town- 
lot  wells.  The  latter  are  still  profitable  producers,  which  is  one  of  the 
rare  exceptions  where  such  excessive  well  density  has  paid. 

The  development  of  the  field  has  been  steady  and  consistent,  as  the 
depth  and  high  cost  of  drilling  have  discouraged  over-drilling.    The 

VOL.  XLVIUw — 36 


546  THE   ILLINOIS   OIL  FIELDS 

first  wells  were  opened  in  the  Bridgeport  sand  at  about  900  ft.,  which 
came  in  at  20  to  100  barrels;  later,  other  lenses  of  Bridgeport  sands  were 
developed  at  780  and  1,000  ft.  Later  drilling  brought  in  the  Buchanan 
sand  at  1,300  to  1,400  ft.,  the  "Green  Oil"  at  1,525  to  1,575;  the  Kirk- 
wood  at  1,590  to  1,625;  the  Tracy  at  1,700  to  1,790,  which  has  produced 
wells  of  1,000  to  2,000  barrels;  and  the  McCloskey  at  1,840  to  1,900  ft. 
The  latter  is  an  o5litic  limestone,  the  St.  Genevieve,  in  the  upper  portion 
of  the  Mississippi  lime,  and  is  very  rich,  as  it  has  produced  2,000  to  4,000 
barrel  wells;  the  oil,  like  the  Tracy  sand,  has  a  gravity  of  37°  to  39.6° 
B.  Recent  developments  have  brought  in  the  Richey  sand,  at  550  ft., 
that  was  overlooked  in  the  earlier  work. 

Three  to  five  of  the  above  sands  are  often  found  productive  on  one 
lease,  to  each  of  which  separate  wells  were  formerly  drilled.  In  recent 
practice,  one  well  is  made  to  serve  several  sands  by  perforating  the 
casing  at  each  horizon. 

The  Allendale  pool,  in  Wabash  county,  was  discovered  in  September, 
1912.  Only  one  sand  has  thus  far  been  found,  at  1,500  ft.,  which  pro- 
duces a  37°  gravity  oil,  but  with  no  gas.  The  wells  come  in  at  20  to 
800  barrels,  but  decline  rapidly,  and  the  pool  is  small  and  spotted. 

The  daily  output  of  the  Lawrence  County  district  ranges  from  42,000 
to  50,000  barrels. 

Description  of  the  Western  lUinois  Field 

The  Western  Illinois  oil  field  is  so  much  younger  than  the  Eastern 
field,  with  two  minor  exceptions,  that  the  output  is  much  less,  although 
the  sands  are  essentially  the  same  and  also  the  grade  of  oil.  The  develop- 
ments of  the  next  five  years  will  probably  witness  a  large  increase  in  the 
output,  and  ultimately  it  will  probably  surpass  the  eastern  side  of  the 
basin.  For  the  western  flank  is  about  three  times  as  large  as  the  eastern 
limb  of  the  Illinois  basin  and  the  anticlines  are  more  numerous.  It  will  de- 
velop less  rapidly,  however,  as  it  lacks  the  simplicity  of  the  Eastern  field , 
especially  if  prospected  in  the  erratic,  unscientific  method  usually  pursued. 

Marion  County. — In  sinking  a  coal  shaft  2  miles  north  of  Centralia, 
in  1908,  oil  seeped  in  at  600  ft.  from  a  small  fault,  which  stimulated  drill- 
ing in  the  vicinity.  A  strong  north-and-south  anticline  at  this  place 
had  been  previously  mapped  by  the  Illinois  Geological  Survey,  but,  as 
usual,  this  was  ignored  by  the  oil  men.  Several  5-barrel  to  20-barrel 
wells  were  brought  in  near  the  shaft  in  the  Dykstra,  or  600-ft.,  sand. 

In  the  following  year  two  light  wells  were  brought  in  2  miles  east  of 
Centralia  in  the  1,600-ft.,  or  Benoist,  sand  and  75-barrel  wells  since  then; 
the  log  of  one  of  these,  the  Langewich  well,  is  given  on  a  preceding  page. 
In  the  Dunn  well,  2  miles  northwest  of  Centralia,  the  oil  was  found  in  the 
Stein,  or  1,400-ft.,  sand.    Another  oil  sand,  though  light,  was  reported 
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at  1,300  ft.  in  the  Wireback  well  that  was  drilled  last  fall  2}  miles  east  of 
Centralia,  in  which  the  Benoist  sand  was  found  at  1,685  ft.;  this  is  unusu- 
ally low  and  explains  why  the  oil  was  light  and  the  salt  water  heavy,  as 
it  was  too  far  down  on  the  anticline  (too  far  east)  to  expect  oil.  It 
is  difficult  to  obtain  reliable  information  about  the  Centralia  pool  and  it 
has  the  earmarks  of  being  held  back  until  more  leases  are  obtained. 

Prospecting  for  the  extension  of  the  Centralia  pool  in  1909  brought  in 
a  good  well  at  Sandoval,  about  6  miles  north  on  the  same  anticline,  and 
in  the  following  year  a  rich  pool  was  drilled  in.  A  sapd  was  struck  at 
about  1,400  ft.  (the  Stein)  that  came  in  at  25  to  50  barrels  and  at  1,550 
ft.  the  Benoist  sand  came  in  with  wells  of  50  to  400  barrels  and  averaged 
110  barrels  per  day.  As  the  Benoist  sand  is  20  to  40  ft.  thick  and  has 
great  staying  power,  the  wells  are  all  sunk  to  this  horizon  and  produc- 
tion in  this  field  is  the  highest  priced  in  the  State.  There  is  plenty  of 
gas  in  both  sands,  and  the  No.  6  coal  seam  is  found  at  600  ft.  The 
Benoist  sand  rests  on  the  ''big,''  or  Mississippi,  lime. 

The  Centralia  district  is  connected  by  a  4-in.  and  the  Sandoval  district 
by  a  6-in.  pipe  line  with  the  Ohio  Oil  Co.  lines,  while  Sandoval  also  has  a 
4-in.  independent  line  to  loading  racks  on  the  B.  &  O.  R.  R. 

Marion  county  has  the  highest  record  in  the  State  for  initial  produc- 
tion, as  the  U.  S.  Geological  Survey  statistics*  for  1910  show  that  60 
wells  came  in  with  an  average  daily  output  of  110.6  barrels;  Lawrence 
county  is  second,  at  102.7  barrels  in  1910  and  105  barrels  in  1912,  when 
the  very  rich  McCloskey  sand  was  discovered. 

Clinton  County. — In  prospecting  in  1910  along  an  anticline  near 
Carlyle,  to  which  attention  has  been  drawn  by  the  Illinois  Geological 
Survey,  a  100-barrel  well  was  brought  in  at  1,020  ft.  after  three  previous 
failures.  Hundreds  of  oil  men  rushed  in  and  bought  up  leases  in  every 
direction,  paying  $5  to  $10  an  acre  10  miles  distant  up  to  $250  an  acre 
near  the  discovery  well.  A  rich  pool  was  rapidly  developed  and  the 
wells  came  in  at  20  to  1,000  barrels  per  day,  with  plenty  of  gas.  Another 
sand  at  800  ft.  that  was  overlooked  in  the  first  rush  has  since  been 
developed  and  came  in  at  10  to  30  barrels. 

The  Carlyle  pool  is  connected  by  a  6-in.  pipe  line  with  the  Ohio  Oil 
Co.  lines. 

The  123  wells  brought  in  during  1911  in  Clinton  county  came  in  with 
an  average  daily  output  of  95  barrels,  the  highest  in  the  State  that  year, 
and  which  has  only  been  exceeded  by  the  adjoining  Marion  county  at 
110.6  barrels  (the  highest  in  the  State),  and  by  Lawrence  county  (eastern 
Illinois)  at  105  barrels  in  1912. 

Bond  County, — Drilling  at  Greenville  in  1910  developed  a  gas  sand 
at  950  ft.  that  has  since  furnished  light  and  heat  for  that  town,  the  wells 
coming  in  at  2,500,000  cu.  ft.  per  day. 

*  Production  of  Petroleum  in  1912,  U.  S.  Geological  Survey,  p.  68  (1913). 
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Subsequent  drilling  at  Old  Ripley,  10  miles  west  of  Greenville,  found 
oil  at  about  2,000  ft.,  in  the  Devonian  formation.  The  sand  was  very 
thin,  or  about  2  ft.,  and  the  wells  were  so  small,  or  5  to  25  barrels,  that 
they  were  abandoned,  as  oil  was  then  selling  at  60c. 

Montgomery  County. — ^The  first  commercial  gas  and  oil  found  in 
Illinois  were  developed  at  Litchfield,  at  about  600  ft.,  in  1882.  The  gas 
was  discovered  in  drilling  for  a  lower  coal  seam  and  it  supplied  the  town 
for  several  years.  Further  drilling  in  1886  found  several  small  oil  wells 
that  produced  until  1903  a  lubricating  oil  that  sold  for  $5  a  barrel.  In 
drilling  for  coal  at  Butler,  8  miles  east  of  Litchfield,  in  1907,  gas  was 
discovered  at  600  ft.,  and  two  miles  north  a  similar  heavy  lubricating  oil 
was  found  in  the  same  sand,  but  developments  were  stopped  by  litigation. 
Macoupin  County, — Drilling  at  Carlinville  in  1909  found  gas  and  a 
little  oil  (2  to  5  barrels)  at  400  ft.  in  the  same  sand  as  at  Litchfield  and 
Butler,  that  has  since  supplied  that  town.  On  drilling  half  a  mile  east 
of  the  gas  wells  last  summer  wells  of  40  to  100  barrels  were  brought  in 
from  the  same  sand  and  a  local  pipe  line  was  built  to  the  field. 

Pike  County, — In  drilling  for  water  near  Pittsfield,  in  1890,  gas  was 
struck  at  168  ft.  in  the  dolomitic  Niagara  limestone,  but  no  use  was  made 
of  it  until  1905.  Since  then  a  field  10  miles  long  by  4  miles  wide  has  been 
developed  along  an  anticline  and  nearly  every  farm  has  its  own  gas  well. 
Randolph  County. — In  drilling  a  water  well  at  Sparta,  in  1887,  a  strong 
fiow  of  gas  at  350  lb.  pressure  was  struck  at  900  ft.  that  supplied  that 
town  for  over  20  years  from  some  20  wells.  In  1906  oil  was  found  in 
several  wells  over  a  small  area  on  drilling  about  half  a  mile  northeast  of 
the  gas  field.  While  one  well  came  in  at  100  barrels,  most  of  them  were 
small,  and  shipments  have  about  ceased.  An  investigation  of  the  well 
records  by  the  Illinois  Geological  Survey  shows  that  the  wells  were 
drilled  on  a  local  "wart"  or  very  small  dome  in  a  synclinal  basin,  which 
clearly  explains  the  large  number  of  dry  holes  that  surrounded  the  small 
oil  pool. 

Morgan  County. — Small  amounts  of  oil  and  gas  were  found  near 
Jacksonville,  in  1910,  at  300  ft.,  which  is  the  most  northerly  occurrence 
that  suggests  commercial  value.  As  the  sands  thin  and  die  out  going 
northward,  the  prospects  are  not  encouraging  in  northern  Illinois. 

Madison  County. — At  Peters,  10  miles  northeast  of  St.  Louis,  excellent 
oil  was  found  in  1905,  in  the  Devonian,  at  about  1,300  ft.,  but  as  the  sand 
was  very  thin  the  wells  were  too  small  to  pay. 

St.  Clair  County, — At  Smithton,  several  small  oil  wells  were  brought 
in  during  1911,  at  150  ft.,  at  the  base  of  the  coal  measures,  along  an 
anticline  that  extends  northeast  through  O'Fallon.  As'  the  oil  sand 
outcrops  a  few  miles  southwest  it  is  surprising  that  any  oil  was  found,  but 
prospecting  northeastwardly  along  the  descending  axis  of  the  anticline 
should  be  successful  when  deep  enough  to  be  beyond  the  leakage  zone. 
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At  Marissa,  gas  and  oil  were  noticed  in  1895  in  drilling  a  water  well, 
which  led  to  further  drilling  in  1912.  Two  good  gas  wells  were  brought 
in  at  600  ft.  As  the  neighboring  coal  mines  show  a  strong,  wide  anti- 
cline, a  field  will  probably  be  opened  in  the  vicinity. 

Jackson  County. — A  small  gas  well  was  brought  in  near  Campbell 
Hill  at  580  ft.  in  1912  that  led  to  considerable  drilling  in  the  vicinity;  a 
little  oil  was  found,  but  thus  far  not  in  pa3dng  quantities.  This  county 
is  so  far  so,uth  as  to  be  within  the  discouraging  zone  of  faulting  caused 
by  the  Ozark  uplift  and  hence  there  is  grave  danger  that  the  oil  and  gas 
have  escaped,  at  least  from  the  large  pools  that  undoubtedly  once 
existed. 

Quality  of  the  Oil 

Over  92  per  cent,  of  the  Illinois  oils  grade  a^ove  30^  B.,  which  is  the 
commercial  line  between  low  and  high  gravity  oil.  The  Flat  Rock  oil 
is  about  22°  gravity,  and  occasionally  oil  in  the  Robinson  and  Casey 
sands  grades  at  28°  B.,  on  which  there  was  formerly  a  dockage  of  8c. 
a  barrel;  but  for  over  a  year  all  grades  of  Illinois  oil  have  commanded 
the  same  price. 

Broadly,  the  gravity  of  the  oil  improves  with  depth  in  Illinois,  as 
the  oils  from  the  shallow  sands  in  Clark,  Crawford,  and  Macoupin 
counties  are  relatively  heavy,  or  from  28°  to  32°  B.,  while  the  oils  from 
the  deeper  sands  in  Lawrence,  Marion,  and  Clinton  counties  will  range 
from  34°  to  39.5°  gravity. 

The  color  of  the  Illinois  oils  is  very  dark  green  to  dark  brown,  except 
the  deep  Casey  oU,  which  is  light  green  and  high  in  paraffine. 

The  Illinois  oils  have  a  paraffine  base,  except  in  the  Bridgeport  and 
Flat  Rock  sands,  which  have  as  much  as  5  per  cent,  of  asphalt. 

The  oils  are  "sweet,"  or  essentially  free  from  sulphur,  as  the  latter 
averaged  0.2  per  cent.,  ranging  from  0.1  to  0.5  per  cent. 

The  gasoline  content,  like  the  gravity,  improves  with  depth,  as  the 
Clark  County  or  shallow  oils  have  8  to  18  per  cent.,  the  Crawford  county 
oils  have  8  to  20  per  cent.,  and  the  deep  Lawrence  county  oils  have  10 
to  23  per  cent.,  while  the  heavy,  asphaltic  Flat  Rock  oil  has  only  1  to  4 
per  cent.     The  average  gasoline  content  is  about  15  per  cent. 

The  kerosene  content  ranges  from  25  to  38  per  cent,  and  averages 
about  31  per  cent. 

The  Oil  Sands 

All  but  two  of  thje  so-called  "sands"  in  Illinois  are  sandstones,  and, 
on  account  of  the  dip  of  the  basin,  the  depth  of  the  same  sand  will  vary 
according  to  the  distance  from  its  outcrop.  On  the  eastern  side  of  the 
State  the  depth  increases  toward  the  west,  and  on  the  west  side,  which 
is  much  the  longer  flank,  the  depth  increases  eastwardly  at  10  to  15  ft.  per 
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mile.  There  is  a  secondary  general  dip  of  the  northern  three-fourths 
of  the  State  to  the  south,  due  to  the  dip  of  the  axis  of  the  spoon-shaped 
basin  to^about^  Jefferson  county,  when  the  axial  dip  reverses,  with  a 
much  sharper  dip  to  the  north,  and  the  southern,  or  stub,  end  of  the 
basin  comprises  about  a  fourth  of  the  State. 

When  not  carrying  oil  or  gas,  most  of  the  Illinois  sands  are  saturated 
with  salt  water  and  dry  sands  are  local.  Even  on  the  anticlines,  if  a 
sand  is  thick,  oil  and  gas  frequently  occur  in  the  upper  portion,  while  the 
lower  part  of  the  sand  may  be  full  of  salt  water. 

Two  of  the  oil-bearing  sandstones  are  quite  persistent  and  fairly 
uniform  over  large  areas  of  Illinois,  while  the  other  sandstones  are  lenses 
of  greater  or  less  magnitude  and  consequently  are  more  or  less  uncerta  n. 
The  lenticular,  uncertain  character  of  most  of  the  oil  sands  harmonizes 
with  the  other  formations  of  the  Illinois  coal  measures,  as,  barring  No.  6 
coal  seam  and  one  or  two  limestones,  the  limestones,  coals,  sandstones, 
and  shales  fluctuate  greatly  in  persistency  and  thickness — in  fact,  to 
such  an  extent  that  it  is  often  difficult  to  correlate  reliable  logs  of  different 
wells  on  the  same  lease. 

Basal  Sand. — The  most  persistent  and  easily  recognized  "sand" 
rests  on  the  "big  lime"  and  was  formerly  known  as  the  Ferruginous 
sandstone.  It  generally  ranges  from  20  to  50  ft.  in  thickness,  is  usually 
coarse  and  porous  and  is  the  Sparta  gas  and  oil  sand,  the  Benoist  sand  of 
Sandoval  and  Centralia,  the  "deep"  sand  of  Crawford  county,  and  the 
Tracey  sand  of  Lawrence  county.  The  wells  usually  come  in  at  50  to 
150  barrels,  ranging  from  5  to  1,500  barrels  per  day. 

Robinson  Sand, — About  200  to  300  ft.  above  the  basal,  or  Ferruginous, 
sandstone  occurs  another  sandstone  that  is  very  persistent  and  more 
frequently  carries  oil  or  gas.  This  is  the  "big-pay"  sand  at  Carlyle, 
the  gas  sand  at  Greenville,  the  oil  and  gas  sand  at  Litchfield,  Butler, 
and  Carlinville  on  the  west  side,  and  is  the  equivalent  of  the  Robinson 
sand  in  Crawford  county  and  the  Kirkwood  in  Lawrence  county.  This 
sand  is  5  to  50  ft.  thick,  averaging  15  to  25  ft.,  is  usually  quite  uniform, 
rather  coarse,  and  stands  up  fairly  well.  It  produces  wells  of  20  to  100 
barrels,  with  extremes  of  5  to  1,500  barrels  per  d,ay. 

Casey  Sand. — The  400-foot,  or  Casey,  sand  in  Clark  county  is  a 
dolomitic  limestone,  which  is  unusual  in  the  coal  measures,  as  the  lime- 
stones are  seldom  magnesian.  The  dolomitization  has  rendered  it  porous 
and  therefore  capable  of  serving  as  a  reservoir.  The  wells  come  in  at 
17  to  30  barrels,  with  extremes  of  5  to  200  barrels  per  day. 

McCloskey  Sand. — The  McCloskey  sand  in  Lawrence  county  is  an 
oolitic  horizon  (the  St.  Genevieve)  in  the  upper  portion  of  the  Missis- 
sippian  limestone.  Its  porosity  is  due  to  the  spaces  between  the  spherical 
granules  of  which  this  formation  is  composed,  and  as  these  are  large  and 
excessively  numerous  it  produces  very  large  wells,  or  from  50  to  4,000 
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barrels  per  day,  the  largest  thus  far  found  in  Illinois.  The  excessive, 
coarse  porosity  that  is  responsible  for  such  large  wells  also  results  in  the 
oil  soon  draining  out;  hence  the  wells  soon  decline  to  a  modest  output. 

Drilling  Features 

Contracting. — ^Drilling  is  generally  done  by  contract,  as  few  companies 
operate  their  own  tools.  The  contractors  furnish  the  equipment  and 
deliver  a  completed  hole  on  a  footage  basis,  also  including  the  casing  if 
desired,  though  usually  the  latter  is  supplied  by  the  producer.  "Ma- 
chines," or  portable  rigs,  are  generally  employed  up  to  1,200  ft.,  although 
some  contractors  use  derricks  for  the  400-ft.  wells.  The  derrick  is  used 
when  over  1,200  ft.  and  is  usually  wood,  though  a  few  composite,  or 
"turn-buckle,"  rigs  are  employed,  and  rarely  the  all-steel  ""derrick.  The 
derricks  are  erected  by  special  rig-builders  at  an  expense  to  the  operator 
of  about  $700,  as  they  are  usually  left  on  completion  of  the  well  for 
subsequent  cleaning  and  pulling.  ' 

As  the  fire  clays  under  the  coal  seams  frequently  cave  and  as  there 
are  several  water  sands  above  the  oil,  a  large  amount  of  casing  is  required. 
For  wells  not  over  1,000  to  1,200  ft.,  the  hole  is  started  with  10-in.  or 
12-in.  drive  pipe,  followed  by  SJ-in.  casing,  and  the  oil  sand  is  entered 
with  6|-in.  casing;  deeper  holes  are  started  with  16-in.  drive  pipe  and 
sometimes  finished  with  S^V^i^-  casing.  The  gas  pressure  is  usually 
so  light  that  it  is  imperative  to  enter  the  oil  sand  with  a  "dry"  hole; 
that  is,  the  overlying  waters  must  be  shut  off  by  casing.  For  if  the  hole 
is  full  of  water  a  rich  oil  sand  might  be  passed  through  and  reported  as  a 
trace,  or  a  "showing,"  from  the  hydrostatic  pressure  holding  back  the 
oil  in  the  sand,  or  "drowning  the  oil."  This  is  what  delayed  the  opening 
up  of  the  Casey  district  some  40  years.  When  the  hole  caves,  under- 
reaming  bits  are  used,  which  permits  the  casing  to  follow  closely  after 
the  tools,  thus  preventing  them  from  getting  buried  under  the  cavings. 
Crooked  holes  occasionally  give  trouble  from  the  tools  being  diverted  by 
striking  a  "nigger-head,"  or  the  tough,  hard,  spathic  iron  concretions 
that  occur  in  some  of  the  shales. 

The  prices  paid  for  drilling  in  the  Casey  and  Crawford  districts,  where 
machines  are  used  and  there  is  no  caving,  range  from  70c.  to  80c.  per  foot. 
In  Lawrence  county,  the  rates  are  90c.  to  $1  to  the  Bridgeport  sand  (900 
ft.)  and  $1.30  to  $1.50  to  the  deeper  sands,  where  more  or  less  under- 
reaming  is  required.  In  western  Illinois,  where  there  is  more  or  less 
caving,  the  rates  are  $1.15  to  $1.25  per  foot  up  to  1,100  ft.  and  $1.40 
to  $1.50  to  the  1,600-ft.  sand.  These  rates  are  subject  to  modifications 
according  to  haulage  and  whether  the  oi)erator  furnishes  the  fuel  and 
water.  For  cleaning  out  the  hole,  etc.,  after  shooting,  the  charges  are 
$20  to  $25  a  day. 
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Drillers  are  paid  S5  and  back-hands  or  tool  dressers  $4  per  12-hr. 
shift,  with  two  men  "on  tower"  while  drilling  and  both  crews,  or  four 
men,  when  setting  or  pulling  casing. 

For  "wild-catting,"  or  drilling  at  a  distance  from  proven  fields,  the 
charges  are  higher,  or  usually  $2  per  foot,  from  the  inconveniences  and 
greater  delays  that  result  in  isolated  work. 

The  time  required  to  complete  a  hole  to  the  400-ft.  sand  ranges  from 
4  to  8  days,  as  from  30  to  100  ft.  are  drilled  per  shift.  *  It  takes  14  to  24 
days  to  drill  to  the  1,000-ft.  sand  and  30  to  60  days  to  the  1,600-ft.  and 
1,800-ft.  sands. 

Shooting, — Shooting  has  been  the  salvation  of  many  Illinois  wells 
that  made  only  a  feeble  showing  until  shot,  after  which  they  came  in  at 
25  to  50  barrels.  Formerly  heavy  shots,  or  from  100  to  200  quarts 
of  nitro-glycerlne,  were  used,  but  so  much  sand  trouble  resulted  that  20 
to  80  quarts  are  now  employed,  depending  on  the  thickness  and  softness 
of  the  sand.  Several  feet  of  bottom  anchor  are  used  where  there  is  danger 
of  breaking  into  water  below. 

The  shots  are  fired  with  a  battery,  on  account  of  caving  trouble,  and 
the  charge  is  placed  and  wired  before  the  6f-in.  casing  is  pulled. 

Well  Density 

Acreage  per  WeU. — ^The  usual  practice  in  Illinois  is  to  allow  about  5 
acres  to  each  well,  or  they  are  spaced  400  to  425  ft.  With  10  to  25  ft. 
of  fine-grained  sand  this  insures  a  slow  decline  and  a  reasonably  long  life. 
When  the  sands  are  thin,  or  so  deep  as  to  make  the  cost  excessive,  a  well 
is  given  7  to  10  acres,  or  they  are  spaced  500  to  600  ft.  apart. 

In  the  shallow  sands,  where  the  cost  is  light,  the  wells  have  frequently 
been  placed  much  closer,  or  with  only  1  to  3  acres  to  the  well.  While 
such  over-drilling  temporarily  gives  a  large  output,  it  results  in  a  rapid 
decline  of  the  wells  and  sinks  an  excessive  amount  of  capital  in  a  needless 
number  of  short-lived  wells.  When  the  leases  are  very  small,  or  under 
20  acres,  or  where  very  large  wells  are  brought  in,  the  rivahy  among  ndgh- 
boring  operators  to  secure  as  much  of  the  oil  as  possible  usually  results  in 
over-drilling,  to  the  great  advantage  of  the  contractors  and  supply  men, 
but  at  the  expense  of  the  ultimate  profits  of  the  operators.  Town-lot 
wells  seldom  pay,  as  four  to  eight  wells  are  drilled  on  an  acre,  which 
usually  exhausts  the  oil  so  quickly  that  the  investment  is  not  always 
repaid.  The  wells  in  the  town  of  Bridgeport  are  an  unusual  exception, 
as  they  have  proved  quite  profitable,  which  is  partly  due  to  the  staying 
power  of  the  Bridgeport  sand  and  partly  to  there  being  several  sands. 
For  the  same  reason  the  1-acre  school  leases  in  Lawrence  county,  on  which 
two  to  four  wells  have  been  (killed,  have  paid  well. 

As  an  extreme  case  of  excessive  well  density  in  a  normal  field,  yet  one 
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that  has  proved  highly  profitable^  a  sketch,  Fig.  4,  is  shown  of  the 
McBride  |-acre  tract,  4  miles  north  of  Bridgeport,  that  has  been 
operated  since  Jan.  1,  1908,  by  the  Silurian  Oil  Co.  It  is  surrounded  by 
four  leases  that  call  for  22  offset  wells  and  to-day  there  are  30  wells  on 
an  area  of  less  than  2  acres.  Yet  in  2,190  days  it  produced  200,000 
barrels  and  to-day  is  yielding  55  barrels  from  8  wells;  this  gives  an  average 
yield  to  date  of  25,000  barrels  per  well,  without  including  the  flush  pro- 
duction of  1907.  Five  wells  are  in  the  Bridgeport  sand  and  three  in  the 
Buchanan,  which  are  very  thick,  or  35  to  45  ft.,  which  explains  their 
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Fig.  4. — TraRTY  Wells  on  Two  Acres,  near  Bridgeport,  III. 


ability  to  stand  such  a  very  heavy  drain;  they  came  in  at  35  to  300  barrels. 
The  sales  from  a  gas  well  in  the  Kirkwood  sand  (No.  9)  that  came  in  at 
5,000,000  ft.  exceed  $20,000. 

To  illustrate  the  richness  of  this  territory  .when  not  overtaxed  by 
excessive  well  density,  a  neighboring  40-acre  lease  produced  1,069,347 
barrels  in  about  2,300  days  from  17  wells  in  three  sands,  or  over  60,000 
barrels  per  well,  and  the  wells  are  tanking  445  barrels  per  diem. 

Qiffie^  TFeHs. — ^The  unwritten  law  to  locate  line  or  boundary  wells 
200  ft.  back  from  the  property  line  has  been^quite^well  lived  up  to,  and 
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there  have  been  few  line  fights,  outside  of  town-lot  and  similar  small 
leases  where  disputes  are  unavoidable.  The  offset  wells  have  usually  been 
promptly  drilled,  especially  in  the  early  days  when  the  wells  were  larger, 
and  the  drill  is  generally  kept  busy  in  developing  a  lease  until  all  the  line 
or  boundary^.wells  are  completed.  The  inside  locations  are  subsequently 
drilled  deliberately  and  on  many  40-acre  and  80-acre  tracts  they  have  been 
omitted,  as  it  is  found  that  the  line  wells  will  eventually  drain  the  interior 
of  the  lease. 

Plant  Equipment 

Casing. — Casing  is  the  heaviest  investment  on  a  lease  and  ranges  from 
SI  to  S1.50  a  foot  up  to  1,000  ft.,  and  from  $1.50  to  $2.50  in  deep  holes,  or 
1,400  to  1,900  ft.  Formerly  all  the  casing  was  left  in  a  hole,  but  the  larger 
sizes,  or  above  8J-in.,  are  now  pulled  and  re-used.  Casing  require- 
ments vary  with  every  hole,  but  the  following  approximations  cover  most 
cases:  A  IjOOO-ft.  hole  will  require  50  to  200  ft.  of  10-in.  to  reach  the 
rock;  from  200  to  600  ft.  of  SJ-in.  to  shut  off  the  upper  waters;  from  800 
to  1,000  ft.  of  6f-in.  to  reach  the  oil  sand.  A  1,600-ft.  hole  will 
require  50  to  150  ft.  of  16-in.;  from  200  to  600  ft.  of  12i-in.;  from  600 
to  1,000  ft.  of  10-in.;  from,  1,000  to  1,400  ft.  of  SHn.;  and  from  1,400 
to  1,600  ft.  of  6|-in.  Occasionally  a  string  of  5rVin.  casing  is 
employed  to  finish  a  hole,  if  water  sands  or  the  under-reaming  have 
been  excessive.  The  price  of  casing,  which  is  subject  to  great  variation, 
is  about  as  follows,  to  which  5  to  20  per  cent,  should  be  added  for  freight, 
unloading,  hauling,  etc.,  to  arrive  at  the  cost  at  the  well. 

Pe/Foot 

16-in.,  yV  thick  (drive  pipe) 13.25 

12i-m.,  36  lb.  per  foot  (drive  pipe) 1 .  20 

10-in.,  32  lb.  per  foot 0.85 

Sj-in.,  24  lb.  per  foot '. 0.63 

6|-in.,  17  lb.  per  foot 0.45 

SiViii-,  13  lb.  per  foot 0.35 

Derricks, — If  a  well  is  drilled  with  a  derrick,  it  is  usually  allowed  to 
remain  for  subsequent  cleaning  and  pulling;  otherwise  portable  pulling 
machines  are  employed  when  a  well  needs  attention.  As  the  high  drill- 
ing derricks  (64  to  84  ft.)  are  occasionally  blown  over,  they  are  often 
replaced  by  40-ft.  pulling  derricks,  which  are  free  from  this  danger.   ' 

Pumping  Ovifit, — The.wells  are  equipped  with  2-in.  pumps  and  tubing 
as  the  salt  water  is  seldom  so  heavy  as  to  require  a  3-in.  pump.  The 
pmnps  are  connected  to  iron  or  wooden  jacks  that  are  operated  by  puU 
rods  from  a  central  power  station  driven  by  a  25  to  35  h.p.  gas  engine. 
The  engine  and  power  are  housed  in  an  inexpensive  corrugated-iron  build- 
ing and  from  4  to  24  wells  are  pumped  from  one  power. 
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The  2-in.  lead  lines  from  the  wells  to  the  tank  and  the  2-in.  gas  lines 
that  take  off  the  casing-head  gas  aggregate  4  to  6  miles  on  a  completely 
drilled  80-acre  lease  (15  wells).  They  should  be  buried  over  a  foot  to 
prevent  freezing  in  winter,  or  tearing  open  from  expansion  in  summer,  and 
to  be  safe  from  breakage  from  the  farmer's  plow.  ' 

Tankage. — ^Liberal  tankage  is  required,  compared  with  Eastern  fields, 
as  from  2  to  10  tanks  (wood)  of  250  barrels  capacity  are  required  for  a 
100-acre  lease.  A  "gun-barrel,"  or  siphon,  tank  is  also  required  for  set- 
tling out  the  salt  water,  although  small  amounts  of  water,  that  only  settles 
out  in  cold  weather  after  thinning  by  steaming,  are  carried  over  into  the 
shipping  tanks.  The  tanks  are  housed  in  framed  buildings  to  reduce  the 
evaporation  losses  in  summer. 

A  small  boiler  house  located  at  least  100  yd.  distant,  so  as  not  to 
fire  the  tank  vapors,  furnishes  the  steam  for  preparing  the  oil  for  shipping 
in  cold  weather  and  for  operating  the  pipe-line  pump. 

Formerly  the  "B.  S.,"  or  the  emulsion  of  oil,  water,  air,  and  sediment 
formed  by.  improper  pumping,  was  run  off  into  special  sludge  ponds  and 
burned,  a  very  wasteful  practice  that  is  still  quite  prevalent.  On  the 
better-equipped  leases  the  B.  S.  is  treated  in  a  sludge  tank,  by  which 
considerable  good  oil  is  recovered.  If  the  services  of  a  capable  chemist 
were  retained  practically  all  the  B.  S.  could  be  recovered  as  good  oil. 

Market  Features 

OH  Prices. — Illinois  is  the  only  field  that  has  gone  through  its  "flush," 
or  initial  period  of  heavy  production,  and  secured  such  high  prices  as 
60c.  to  68c.  per  barrel.  Other  fields  have  had  to  accept  3c.  to  30c.  during 
the  inevitable  heart-breaking  interim  that  intervenes  between  over- 
flowing field-tanks  and  the  subsequent  bringing  in  of  sufficient  pipe  lines. 
This  great  advantage  is  due  to  its  proximity  to  St.  Louis  and  Chicago, 
where  the  oil  would  have  found  a  welcome  market  at  40c.  to  50c.  in 
competition  witl^  coal. 

When  shipments  began  in  June,  1905,  the  oil  sold  at  60c.  and  advanced 
to  83c.  by  June,  1906;  after  which  it  declined,  remaining  at  68c.  through- 
out 1908  and  again  reached  the  low  point  of  60c.  in  October,  1909, 
where  it  remained  until  May,  1911.  Since  then,  the  price  has  con- 
tinuously advanced  and  to-day,  Jan.  29, 1914,  it  is  selling  at  $1.45  in  the 
open  market,  as  paid  by  the  Ohio  Oil  Co.  (branch  of  the  Standard  Oil 
Co.).  Independent  buyers  pay  a  premium  of  5c.  to  20c.  a  barrel,  as  on 
equal  terms  most  producers  prefer  to  sell  to  the  Standard  Oil  Co.,  and  it 
is  only  by  giving  a  premium  that  they  are  able  to  divert  it  from  the 
principal  buyer.  Formerly  there  was  a  discount  of  8c.  per  barrel  for 
oil  below  30°  B.  gravity,  but  for  the  past  year  all  grades  have  sold  at 
the  same  price. 
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The  oil  is  purchased  in  the  producer's  tanks  after  gauging  and  run 
off  through  the  buyer's  pipejine,  with  an  extra  allowance  of  Ic  to  2c. 
per  barrel  for  the  steam  furnished  to  operate  the  buyer's  pump  that 
forces  the  oil  into  the  pipe  line.  A  dockage  of  3  per  cent,  is  usually  made 
to  allow  for  losseeT  due  to  salt  water,  B.  S.,  evaporation,  leakage,  etc.  A 
'^ credit  balance"  ticket  is  made  out  by  the  buyer  three  days  after  the  oil 
is  shipped  for  the  net  barrels  due  the  operator  after  deducting  royalty 
and  dockage.  This  ticket  can  be  cashed  at  the  market  price  for  oil 
ruling  that  day,  or  it  can  be  held  to  be  cashed  later,  if  higher  prices  are 
expected.  Before  the  oil  markets  were  stabilized  by  the  present  powerful 
interests,  there  were  most  violent  fluctuations  in  oil  prices  that  out- 
rivaled Wall  Street  stocks,  and  operators  who  had  the  working  capital 
held  their  tickets  for  the  winter  market,  when  prices  generally  ruled 
higher. 

The  unprecedented  prosperity  of  the  oil  industry,  the  enormous  in- 
crease in  the  demand  for  high-grade  oils  (paraffine  base)  to  meet  the 
rapidly  expanding  uses  of  gasoline  and  lubricants,  and  the  aUnost  com- 
plete exhaustion  of  the  Illinois  surplus  stocks  assure  much  higher  prices 
for  Illinois  oil  in  the  not  distant  future. 

Storage. — ^As  the  Illinois  oil  is  of  too  high  a  grade  to  be  sacrificed  for 
fuel,  the  large  buyers  built  steel  tankage  to  take  care  of  the  surplus  oil 
before  there  were  sufficient  pipe  lines.  About  1,000  tanks  of  35,000 
barrels  capacity  were  erected  throughout  the  field,  which  contained 
about  33,000,000  barrels  of  oil  in  1910.  As  the  demand  for  Illinois  oil 
has  been  much  greater  than  the  supply  for  the  past  three  years,  this 
surplus  has  been  heavily  drawn  on  to  meet  the  deficit  and  to-day  there 
remains  about  5,500,000  barrels. 

Pipe  Lines, — ^No  oil  field  has  been  as  well  taken  care  of  in  being 
promptly  and  completely  equipped  with  pipe  lines  as  Illinois.  The 
magnitude  of  the  field,  the  richness  of  the  wells,  and  the  high  grade  of 
the  oil  caused  the  pipe-line  companies  to  go  to  enormous  outlays  to  run 
the  oil  from  the  tanks  of  any  and  every  producer  and  their  total  daily 
shipping  capacity  now  exceeds  140,000  barrels.  , 

The  Ohio  Oil  Co.  controls  most  of  the  lines,  .having  a  complete 
series  of  gathering  lines  throughout  all  the  districts  in  eastern  and  western 
Illinois.  It  has  an  8-in.  line  across  the  State  to  the  Wood  River  refinery, 
140  miles;  two  8-in.  lines  to  the  Lima  trunk  line,  200  miles;  and  a  12-in. 
line  to  New  York  harbor,  900  miles.  There  is  a  pumping  station  at 
Bridgeport,  in  the  Southern  district,  with  60,000  barrels  capacity,  that 
pumps  the  oil  at  800  lb.  pressure  to  Stoy,  25  miles,  in  the  Central  district. 
Another  station  at  Stoy  pumps  the  oil  to  Martinsville,  25  miles,  in  the 
Northern  district,  where  all  the  oil  from  the  Eastern  field  concentrates. 
From  there  it  is  distributed  through  the  Eastern  and  Western  pipe 
lines. 
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The  Tidewater  Co.  has  a  6-m.  pipe  line  to  the  Atlantic  seaboard 
and  gathering  lines  throughout  Crawford  and  Lawrence  counties. 

The  Indian  Refining  Co.  has  gathering  lines  in  Lawrence  county,  as 
also  the  Central  and  Sun  companies,  which  run  to  their  refineries  at 
Lawrenceville. 

The  Leader  Pipe  Line  Co.  has  gathering  lines  in  Clark  county  for  its 
refinery  at  Casey,  from  which  the  surplus  oil  is  shipped  to  Pennsylvania 
refiners  by  tank  cars.  The  Robinson  refinery  has  gathering  lines  in 
Crawford  county. 

Railroads, — The  five  railroads  that  tap  the  Eastern  Illinois  field 
moved  large  quantities  of  oil  before  the  pipe  lines  were  completed  and 
they  still  transport  considerable  oil  for  the  smaller  refineries  from  loading 
racks  distributed  throughout  the  field.  While  most  of  the  refiners  own 
their  own  tank  cars,  tank-car  companies  rent  out  hundreds  of  cars  to 
the  smaller  shippers,  at  usually  $1  per  day. 

The  Western  field  is  well  equipped  with  railroads,  which  have  thus 
far  handleji  most  of  the  oil. 

Refineries, — Although  most  of  the  Illinois  crude  oil  is  piped  to  the 
large  refineries  on  the  Atlantic  seaboard,  there  are  nine  refineries  in 
Illinois  that  rely  on  the  local  output,  of  which  six  are  on  the  eastern  and 
three  on  the  western  side  of  the  State. 

At  Lawrenceville  is  the  large  Indian  refinery,  of  9,000  barrels  daily 
capacity,  that  makes  a  full  line  of  products  (gasoline,  kerosene,  lubri- 
cants, paraffine,  etc.) ;  the  Central,  with  a  capacity  of  3,000  barrels,  that 
co-operates  with  an  asphalt  plant,  and  the  Sun  Co.  operates  a  400-barrel 
skimming  plant  that  makes  gasoline  and  fuel  oil. 

There  is  a  600-barrel  refinery  at  Robinson,  a  600-barrel  refinery  at 
Casey,  and  a  refinery  at  Chicago,  the  latter  relying  on  tank-car  shipments. 

In  western  Illinois  there  are  two  refineries  at  East  St.  Louis  that 
depend  on  tank-car  shipments  and  a  large  refinery  at  Wood  River,  20 
miles  from  St.  Louis,  of  10,000  barrels  capacity,  owned  by  the  Indiana 
Standard  Oil  Co. 

Production  Prices 

The  value  of  production  and  of  operating  leases  has  greatly  increased 
as  oil  prices  have  advanced,  and  developed  properties  are  almost  un- 
purchasable.  When  oil  was  selling  at  60c.  production  sold  at  $300  to 
$400  per  barrel  of  daily  output.  When  oil  reached  $1  it  advanced  to 
$800  to  $1,000.  At  present,  with  oil  at  $1.45  to  $1.65,  production  is 
held  at  $1,250  to  $1,500  per  barrel,  according  to  the  age  and  size  of  the 
weUs,  locations  undrilled,  royalty,  condition  of  plant,  equipment,  and 
other  modifying  operating  details.  These  prices  are  based  on  ''settled" 
production,  or  after  the  flush  period,  or  when  the  wells  are  about  ayear  old. 


558  THE  ILLINOIS   OIL  FIELDS 

Pennsylvania  production,  where  the  oil  is  higher  grade,  or  40^  to  46^ 
gravity,  and  sells  for  $2.50  a  barrel,  is  rated  at  $2,000  to  $3,000  per  barrel, 
although  the  wells  yield  only  7  to  }  barrel  a  day,  and,  like  Illinois, 
it  is  almost  impossible  to  induce  a  producer  to  sell  at  any  price. 

At  these  prices,  the  investment  is  expected  to  be  returned  in  1,000 
to  1,200  days. 

Royalties  and  Rentals 

Eastern  Field. — When  the  Eastern  field  was  opened,  the  royalty  was 
one-eighth  of  the  production,  or  the  customary  rate  in  the  older  fields. 
When  the  field  proved  so  rich,  the  competition  among  the  oil  men  for 
leases  resulted  in  the  royalty  advancing  to  one-sixth  to  one-fourth,  and 
even  three-eighths  to  one-half  in  extreme  cases.  The  royalty  on  gas 
wells  similarly  increased  from  $50  to  $100  per  well  annually  to  $150 
to  $200. 

The  rental  to  hold  a  lease  good  until  a  well  is  drilled  was  formerly 
25c.  to  $1  per  acre  annually,  but  lately  $1  to  $4  per  acre  is  demanded, 
and  then  only  1  to  2  years  allowed,  compared  with  5  to  10  years  in  the 
earlier  leases. 

Western  Illinois, — In  western  Illinois  the  royalties  and  rentals  are  still 
reasonable,  or  one-eighth  on  the  oil  and  $50  to  $100  a  year  per  gas  well, 
while  the  leases  can  usually  be  carried  5  to  10  years  without  drilling  on 
paying  an  annual  rental  of  50c.  to  $1  per  acre. 

Cost  of  (HI  Leases 

The  bonus,  or  cash  price,  paid  to  obtain  an  undeveloped  lease  varies 
greatly  according  to  the  distance  from  production,  richness  of  the  dis- 
covery well,  and  terms  of  the  lease.  Leases  favorably  situated  on  anti- 
clines in  an  undeveloped  territory  go  begging  at  a  few  dollars  per  acre  until 
a  discovery  is  made  in  the  vicinity,  when  they  quickly  advance  to  $25  to 
$50  an  acre  if  not  over  5  miles  distant,  and  to  $100  to  $350  an  acre  if  within 
2  miles.  The  discovery  of  a  new  pool  promptly  brings  out  hundreds  of 
active,  keen  buyers  from  the  old  oil  fields,  who  purchase  at  rapidly 
advancing  prices  every  available  lease  for  7  to  15  miles  in  every  direc- 
tion. Leases  10  miles  distant  will  bring  $5  to  $15  an  acre  from  late  comers 
after  the  nearer  leases  have  been  secured  by  the  excited  buyers.  Wit  hin 
30  days  several  million  dollars  will  be  invested  in  leases,  of  which  60  to 
70  per  cent,  will  probably  prove  unproductive.  Yet  pool  after  pool  in 
Illinois  (and  elsewhere)  has  been  the  scene  of  repeated  large  investments 
in  undeveloped  oil  leases  around  a  discovery  well  by  a  horde  of  feverish 
buyers.  While  many  speculators  rush  in  to  every  new  discovery,  most 
of  the  buyers  are  old,  seasoned  oil  operators  who  can  no  more  resist  the 
fascination  of  a  "wild-cat"  well  that  has  made  good  than  a  tenderfoot 
can  escape  the  lure  of  a  mining  boom  in  a  gold  camp. 
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Operating  Expenses 

The  field  expenses  for  producing  oil  in  Illinois,  including  labor  and 
upkeep^  vary  greatly  according  to  size  and  conditions  of  the  lease,  the 
size  of  the  wells,  and  amount  of  salt  water.  Excessive  salt  water  requires 
the  wells  to  be  pumped  by  night  as  well  as  on.the  day  shift  and  Simdays, 
whereas  with  little  or  no  salt  water  day  pumping  suffices.  As  a  pumper 
is  generally  required  to  every  lease,  whether  it  contains  40  or  160  acres, 
it  makes  the  labor  cost  per  barrel  excessively  heavy  on  the  small  leases, 
especially  if  operated  double-shift.  Similarly,  if  the  wells  are  small,  the 
labor  costs  per  barrel  are  heavy  compared  with  large  wells. 

The  extra  labor  required  for  cleaning  the  wells,  repacking,  etc., 
will  vary  according  to  the  condition  of  the  wells,  as  old  wells  that  have 
not  been  over-shot  may  have  to  be  pulled  only  once  or  twice  a  year, 
whereas  sand  troubles  caused  by  over-shooting  may  constantly  require 
a  pulling  crew.  The  pumpers  are  paid  $65  to  $75  a  month  and  live  on 
the  lease  in  a  small  cottage  provided  by  the  operators. 

When  an  operator  has  several  leases  in  a  district  a  ''farm  boss"  is 
employed,  who  keeps  a  crew  of  two  to  four  "rousters''  steadily  employed 
in  looking  after  the  wells.  The  rousters  are  paid  $60  to  $70  a  month 
and  a  farm  boss  from  $100  to  $115. 

The  usual  field  expense  of  putting  the  oil  into  the  tanks  ready  for  the 
buyer  will  range  from  3c.  to  7c.  a  barrel  on  leases  of  80  to  160  acres,  with 
large  wells,  or  over  20  barrels  pw  day;  with  smaller  leases,  or  20  to  80 
acres,  or  where  the  wells  yield  5  to  15  barrels,  the  cost  will  range  from 
7c.  to  15c. ;  with  very  small  wells,  or  2  to  5  bcurels,  the  cost  increases  to 
15c.  to  30c.  per  barrel. 

When  the  leases  are  very  small  and  in  town-lot  production,  one 
pumper  is  usually  put  in  charge  of  several  leases  and  thus  the  labor  cost 
is  brought  down  to  a  reasonable  amount. 

Operating  Profits 

The  net  operating  profits  from  Illinois  oil  production  vary  greatly 
according  to  the  size  of  the  wells,  their  staying  power,  depth  and  number 
of  sands,  size  and  age  of  lease,  royalty,  oil  market,  and  other  local  con- 
ditions, besides  depending  on  the  capital  invested  for  leases,  drilling, 
plant,  etc.,  and  the  individual  operating  costs. 

The  Illinois  oil  wells  usually  repay  their  cost  in  30  to  90  days  when 
not  over  1,100  ft.  deep  and  in  60  to  180  days  in  the  deep  sands,  or  1,200 
to  1,900  ft.  Occasional  large  wells  repay  their  cost  in  5  to  20  days,  while 
very  small  wells  may  take  a  year. 

The  capital  for  the  acquisition,  development,  and  equipment  of  an 
undeveloped  property  in  a  proven  field  is  usually  returned  in  the  first  year 
and  will  show  the  following  great  range :    The  lease  will  cost  from  $25 
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to  $300  an  acre,  according  to  the  distance  from  and  richness  of  the  dis- 
covery well;  the  wells  will  cost  $1,000  to  $8,000  each,  according  to  depth; 
the  plant  investment  for  power,  rodding,  piping,  tankage,  boilers,  build- 
ings, etc.,  will  range  from  $2,000  to  $10,000,  according  to  the  size  of  the 
lease  and  local  conditions.  Yet  many  Illinois  leases  have  returned  the 
total  capital  invested  in  4  to  16  months,  when  oil  sold  at  60c.  to  80c.  a 
barrel. 

The  net  operating  profits  at  present  prices  of  oil  ($1.45  to  $1.60), 
after  deducting  the  royalty  and  operating  expenses,  usiially  range  from 
$1  to  $1.30  a  barrel.  Small  leases  (5  to  20  acres),  town-lot  wells,  very 
small  wells  (1  to  3  barrels),  or  excessive  royalties  (three-eighths  to  one- 
half),  may  reduce  the  net  profit  per  barrel  to  50c.  to  80c. 

A  fair  'example  of  operating  profits  is  shown'^in  the  following  120- 
acre  lease  in  the  shallow  Casey  field,  where  tiie  wells  came  in  at  10  to 
50  barrels,  seldom  at  100  barrels  per  day,  ^nd  the  oil  sold  for  60c.  to  82g. 
a  barrel:  The  oil  royalty  was  one-eighth,  the  cost  of  the  lease  was  $100 
an  acre,  and  the  wells  cost  about  $1,000  complete,  as  they  were  in  the 
400-ft.  sand.  In  the  first  year  the  investment  of  $43,000  was  retiurned; 
in  the  following  54  months,  when  the  property  was  sold,  the  profits 
ranged  from  6  to  40  per  cent,  per  month. 

Gas  Developments 

Paucity  Due  to  Leakage. — Although  Illinois  has  proved  an  exception- 
ally rich  oil  producer,  the  gas  output  is  disappointing.  While  sufficient 
gas  is  usually  produced  to  operate  with  and  supply  the  neighboring  towns, 
not  enough  has  been  developed  to  warrant  piping  to  the  metropolitan 
markets  of  St.  Louis  and  Chicago. 

This  paucity  seems  to  be  due  to  faulting,  a«3  minor  faults  occur 
that  apparently  have  allowed  more  or  less  of  the  gas  to  escape.  That  the 
gas  has  been  only  partly  preserved  is  shown  not  only  by  the  small  size  of 
the  wells,  but  usually  by  the  absence  of  the  heavy  pressures  that  occur 
in  other  fields. 

That  faulting  is  responsible  for  the  deficiency  is  verified  at  Centralia, 
where  there  is  no  gas;  yet  6  miles  north,  at  Sandoval,  on  the  same  anti- 
cline, the  same  sands  are  rich  in  gas;  but  at  Centralia  a  fault  is  shown 
by  the  coal  mines  that  has  not  only  vented  the  gas,  but  is  permitting 
some  of  the  viscous  oil  to  escape  into  the  coal  shafts. 

The  northern  parts  of  the  fields  usually  have  more  gas  than  the 
southern  portions,  which  harmonizes  with  the  faulting  theory,  as  the 
faults  are  more  numerous  and  heavier  toward  the  south,  from  the  closer 
proximity  to  the  Ozark  uplift. 

That  the  oil  has  been  so  slightly  afifected  by  the  faults — at  least,  in 
the  lower  sands — is  due  to  its  viscous  nature  a;nd  strong  capillary  adhesion 
as  compared  with  the  great  elasticity  and  extreme  mobility  of  the  gas. 
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For  the  gas  can  move  and  more  or  less  escape  through  minute  fractures 
caused  by  faulting  that  are  more  or  less  impervious  to  the  viscous  oO. 

Gushers. — On  the  opening  ol  a  new  pool  the  gas  pressure  is  often  suffi- 
cient to  cause  the  wells  to  flow  intermittently  for  a  short  time,  or  until 
the  pressure  is  relieved.  The  gusher  type  is  exceptional,  however,  and 
most  wells  have  to  be  pumped  from  the  outset. 

Size  of  Gas  Wells.— Gslr  wells  usually  come  in  at  200,000  to  1,000,000 
cu.  ft.  a  day,  rarely  at  2,000,000  to  5,000,000,  which  for  a  new  field  is 
modest.  There  are  comparatively  few  ''dry"  gas  wells,  as  the  gas 
gen^aUy  occurs  with  the  oi^;  hence  when  a  ''gasser"  is  found  the  oil 
usually  occurs  in  the  inmiediate  vicinity. 

Values. — The  towns  are  supplied  by  local  gas  companies  at  20c.  to 
30c.  per  1,000  cu.  ft.  for  domestic  purposes  and  the  gas  is  metered.  The 
companies  either  have  their  own  wells,  or  buy  gas  from  oQ  producers, 
who  have  an  excess,  at  5c.  to  10c.  per  1,000  cu.  ft.  at  the  wells. 

Drillers  are  furnished  gas  at  a  flat  rate  of  $5  a  day  for  the  boiler  and 
lighting. 

The  value  of  13ie  Illinois  gas  output  in  1912  is  estimated*  at  1616,467, 
or  about  2  per  cent,  of  the  oil  value^  of  which  1,236,162,000  cu.  ft.  was  sold 
at  an  average  of  23.62c.  for  domestic  use  and  5,603,318,000  ft.  at  7.43c. 
for  industrial  purposes. 

The  actual  production  was  much  larger,  as  the  oil  operators  continue 
to  waste  large  quantities,  especially  in  new  pools  and  when  a  flowing  well 
comes  in. 

Gasoline  from  Gas 

Few  Plants. — ^The  Illinois  oil  field  is  so  young  and  so  lucrative  that 
thus  far  little  attention  has  been  paid  to  gas  gasoline.  The  old  wells  of 
Pennsylvania  are  so  small  and  the  casing-head  gas  is  usually  so  rich  that 
the  gas-gasoline  revenue  often  exceeds  that  from  the  oil,  whereas  in  Illinois 
it  amounts  to  only  5  to  10  per  cent,  of  the  oil  revenue.  As  the  Illinois 
wells  decline  and  as  the  gas  grows  richer,  more  attention  will  be  given  to 
extracting  the  gasoline.  Only  six  plants  are  operating  in  eastern  Illinois 
and  compound  compressors  are  employed  to  liquefy  the  gasoline  vapors 
that  are  contained  in  the  gas.  Two  grades  are  made,  or  a  high-grade 
70**  to  80**  gravity  gasoline  by  the  low-pressure  cylinder  and  a  very  high- 
grade  80°  to  95°  B.  fluid  by  the  high-pressure  cylinder.  Both  grades  are 
usually  blended  with  naphtha  to  render  them  safe  for  shipping  and  to 
reduce  the  heavy  volatilization  loss.  The  90°  to  95°  gravity  fluid  is  so 
extremely  volatile  that  if  a  cupful  is  tossed  into  the  air  on  a  warm  day, 
it  will  volatilize  before  reaching  the  ground. 

Yield. — ^The  gasoline  yield  of  Illinois  gas  ranges  from  1.5  to  2.5  gal. 

*  ProducHon  qf  Natural  Gas  in  1912,  U.  S.  Geological  Survey,  p.  5  (1913). 
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per  1,000  cu.  ft.,  and  about  75  per  cent,  of  the  gas  is  available  for  returning 
to  the  gas  main,  if  subsequently  utilized. 

Prices. — The  gasoline  is  frequently  retailed  from  the  lease  to  automo- 
biles at  12c.  to  15c.  a  gallon,  although  large  producers  usually  sell  it  to 
jobbers  at  8c.  to  10c.  It  has  to  be  shipped  in  steel  containers,  as  the 
loss  and  risk  are  too  great  to  permit  shipment  in  wooden  barrels. 

There  is  a  keen  demand  for  this  exceptionally  high-grade  gasoline  and 
the  industry  has  a  bright  future  that  the  Illinois  operators  should  more 
generally  appreciate. 

Statistics 

The  data  given  in  the  following  statistics  were  obtained  from  the 
annual  Mineral  Statistics,  published  by  the^U.  S.  Geological  Survey,  or 
from  the  Oil  City  Derrick. 

Table  II  presentb  a  summary  of  the  wells  drilled  to  Jan.  1,  1914, 
in  Illinois,  since  the  marked  activity  started  in  1906.  It  shows  a  tre- 
mendous outburst  of  activity  in  1907,  when  about  5,000  holes  were 
drilled,  since  which  there  has  been  a  steady,  marked  decline  until  1913. 
The  high  prices  for  oil  stimulated  the  drilling  of  many  inside  locations 
last  year,  where  the  sands  had  been  more  or  less  drained,  which  accounts 
for  the  smaller  percentage  of  dry  holes  and  the  much  lower  average  yield. 

The  average  yield  declined  from  40.4  barrels  in  1906  to  26.1  barrels 
in  1908,  as  the  flush  period  passed  in  the  very  active  shallow  Crawford 
County  district.  The  greater  activity  in  the  deeper  but  richer  sands  of 
Lawrence  county  reversed  the  usual  retrogression  that  nearly  all  young 
fields  exhibit  and  the  average  output  of  the  new  wells  steadily  increased 
up  to  1912,  when  it  averaged  67  barrels  per  well,  which  is  exceptionally 
high  for  a  high-grade  field. 

Table  II. — Summary  of  Illinois  Drilling 


Produced  Oil 

Initial  Yield 

Produced  Gas 

Dry 

Wells 
Drilled   1 

Per 

Barrels 

Num- 

Per 

Num- 

Year 

Per 

Number 

Cent. 

1 

83.2 

Total 
Yield 

Daily 
Yield 

ber 

Cent. 

ber 

Cent. 

1905 

227 

189 



•  •  •  • 

■  « 

•  •  • 

37 

16.8 

1906 

3,283 

2,793 

85.1 

113,012 

40.4 

•  « 

•  •  • 

490 

14.9 

1907 

4,988 

4,260 

85.4 

139,163 

32.6 

•  « 

•  •  ■ 

728 

14.6 

1908 

3,574 

3,019 

84.5 

78,960 

26.1 

•  • 

•  •  • 

555 

15.5 

1909 

3,151 

2,593 

82.3 

89,756 

34.0 

70 

2.2 

485 

15.4 

1910 

2,149 

1,681 

78.2 

93,256 

55.8 

75 

3.4 

393 

18.3 

1911 

1,365 

1,061 

77.7 

66,919 

63.1 

42 

3.1 

263 

19.2 

1912 

1,260 

980 

77.8 

65,686 

66.6 

23 

1.8 

257 

20.4 

1913 

1,747 

1,439 

82.0 
82.9 

! 

47,568 

33.3 
38.5 

40 

2.4 

268 
3,486 

15.6 

Totals 

21,744 

18,025 

694,310 

1 

16.0 
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Table  III  gives  the  average  initial  daily  yield  of  the  wells  in  the  pro- 
ducing counties  of  Illinois  and  gives  an  approximate  idea  of  the  relative 
richness  of  the  sands.  It  also  shows  the  activity  in  drilling  inside  wells 
in  1913  in  all  the  counties,  and  the  consequent  drop-off  in  the  yield. 

Table  III. — Average  Initial  Daily  Yield  of  lUinois  Wells  by  Counties 

Eastern  Fidd. — Barrels 

County  1906    1907    1908    1909    1910    1911     1912     1913 

Clark 26.6    20.9    23.3    24.0    22.6  17.1    23.6     16.2 

Coles 6.6      7.0    15.3    10.6    16.3  6.0      5.0    20.0 

Crawford 66.1     34.2    23.6    26.6    27,8  26.6    23.1     17.1 

Cumberland 29.9    26.0      9.8    24.3     12.6  16.7     19.0     12.0 

Edgar 4.8     10. 7      6.4      5.0 

Lawrence 60.6    49.2    36.2    61.6  102.7  86.8    10.6    64.0 

Jasper 7.1     10.0      6.7     6.0 

Wabash ;...     60.0    39.0 

Western  Field.— Barrels 

Bond 26 . 0     

Clinton 96.0    32.2     10.0 

Macoupin 5.0     ....  3.6      3.0    66.0 

Marion 37.2  110.6  91.6    27.7    23.0 

Randolph 72 . 6     

State  Average 40.6    32.7    26.2    34.6    65.5    63.0    67.0    33.3 

Table  TV— Wells  DnUed  in  lUinois  in  1913 

«^  ..  Produced    Average  Initial  Dry 

County  -.  ...   ,  Oil  Daily  Output  Holes 

Per  Cent.  Barrels  Per  Cent 

Clark  (Casey) 208  81  16.2  19 

Clinton  (Carlyle) 19  74  10.0  26 

Coles 6  67  20.0  33 

Crawford  (Robinson) 689  80  17. 1  20 

Cumberland  (Siggms) 63  80  12.0  20 

Lawrence  (Bridgeport) 667  89  54 . 0  11 

Macoupin  (Carlinville) 9  33  66 . 0  67 

Marion  (Sandoval) 22  96  23.0  6 

Wabash  (Allendale) 49  60  39.0  60 

Miscellaneous 16  13  12.0  87 

Total 1,747  82  33.3  18 

1,439  wells  =82.0  per  cent,  came  in  with  an  ouput  of  33.3  barrels  daily  (average). 
40  wells  =    2.4  per  cent,  came  in  as  gas  wells. 
268  wells  =  15.6  per  cent,  came  in  as  dry  holes. 

1,747  wells  =  100.0  per  cent,  or  the  total  wells  completed  in  1913. 

Table  IV  shows  that  1,747  wells  were  drilled  in  Illinois  in  1913,  of 
which  82  per  cent,  were  oil  producers  that  came  in  at  aoi  average  of  33.3 


564 


THE  ILLINOIS  OIL  FIELDS 


barrels  per  day,  and  2.4  per  cent,  were  gas  producers.  It  also  shows  that 
ahnost  no  prospecting  was  carried  on,  as  oii|ly  15  holes  were  drilled  outside 
of  the  producing  fields.  This  insignificant  effort  to  open  up  new  terri- 
tory was  largely  due  to  the  great  scarcity  of  drillers,  who  were  attaracted 
by  the  fierce  boom  in  Oklahoma,  where  rates  are  higher  and  work  was 
very  plentiful. 

Table  V  presents  a  summary  of  the  drillii\g  in  1SLL3  in  the  States  that 
exclusively  produce  high-grade  oil  (paraffine  base).  It  shows  their 
relative  activity  by  the  number  of  wells  completed;  and  while  the  drill 
was  unusually  busy  in  all,  it  shows  the  ext^it  of  tha  unprecedented  boom 
in  Oklahoma,  where  over  9,000  holes  were  drilled.  In  spite  of  bringing 
in  the  very  rich  Gushing  and  Boston  pools  in  Oklahoma,  the  average 
well  shows  a  further  decline  to  46  barrels  per  day,  although  in  the  old 
nip-and-tuck  race  with  Illinois  for  first  honors  in  the  highest  average 
well,  it  leads  the  latter  (33.3  barrels)  by  nearly  as  large  a  margin  as  Illinois 
with  67  barrels  led  Oklahoma  in  1912,  at  48.6  barrels. 

With  the  CKception  of  New  York  (where  the^^average  well  came  in 
at  1.8  barrels,  which  would  be  called  a  dry  hole  in  Illinois),  the  record  of 
82  per  cent,  of  the  Illinois  wells  coming  in  as  oil  producers  is  the  highest^ 
as  the  other  States  range  from*  80  to  38  per  cent. 

Table  Y.—Wetta  Drilled  in  fhe  High-Grade  OH  Fields  in  1913 


State 


Wells 
Drilled 


Produced  Oil 


Num- 
ber 


Per 

Cent. 


Initial  Yield 
Barrels 


Total 


[Daily 

(Aver- 

[age 


Produced 
Gas  , 


Diy 


Num- 
ber 


Per  ;  Num- 


Gent. 


Per 


ber    .Cent. 


New  York  . . . 
Pennsylvania. 
West  Virginia. 

Ohio 

Indiana 

Kentucky 

Illinois 

Kansas 

Oklahoma 


610 

443 

87 

807 

1.8 

46 

9.0 

3,719 

2,961 

80 

8,165 

2.8  ;  263 

7.0 

2,072 

1,290 

62 

34,287 

26.6 

463 

22.0 

1,447 

661 

38 

13,409 

24.3 

686 

47.0 

310 

212 

68 

7,361 

34.7 

12 

4.0 

211 

134 

64 

2,310 

17.0 

3 

1.6 

1,747 

1,439 

82 

47,658 

33.3 

40 

2.4 

2,149 

1,683 

73 

22,985 

14.6 

292 

14.0 

9,112 

7,232 

79 

331,386 

46.0 

672 

6.0 

22 

496 

.329 

211 

86 

74 

268 

274 

1,306 


4.0 
13.0 
16.0 
15.0 
28.0 
34.5 
15.6 
13.0 
15.0 


The  richness  of  the  Illinois  fields  is  shown  in  Table  V,  as  its  high 
daily  average  production  of  33.3  barrels  exceeds  all  the  other  States 
(1.8  to  24.3  barrels)  excepting  Oklahoma,  as  previously  mentioned,  and 
Indiana  (34.7  barrels) ;  the  latter  State  made  an  unprecedented  record, 
as  its  wells  usually  come  in  at  10  to  20  barrels.  The  increase  is  due  to  the 
opening  up  of  the  new  Sullivan  County  field,  which  adjoins  Crawford 
county,  111.,  and  seems  to  be  influenced  by  the  same  cross-anticlinal  zone 
that  passes  through  the  latter. 
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Fuel  Oil  in  the  Soufhwest 

With  a  Bibliograpby  of  Fuel  Oil  Generally 

BT  WILLIAM  B.  PHILLIP8,  AUBVIN,  TEXAS 
(New  York  Meeting,  FebniArj,  1014) 

This  paper  was  prepared  at  the  request  of  Capt.  A.  F.  Lucas,  Chair- 
man of  the  Institute's  Committee  on  Petroleum  and  Gas,  as  a  pre- 
liminary discussion  of  the  fuel  oils  which  are  used  in  the  Southwest,  giving 
their  composition,  uses,  prices,  etc.  Should  it  afterward  be  found 
desirable,  these  observations  may  be  extended  over  a  larger  area.  In 
this  connection,  I  suggest  that  samples  of  all  kinds  of  fuel  oils,  including 
various  tars,  from  all  over  the  ooimtry,  be  collected  and  sent  to  some  test- 
ing laboratory  for  examination.  We  would  be  glad  to  extend  the  facili- 
ties of  the  laboratory  of  the  Bureau  of  Economic  Geology  and  Technology, 
at  the  University  of  Texas,  for  this  purpose,  and  to  do  the  work  free  of 
all  expenses.  After  such  examinations  are  made  and  the  results  classified 
and  studied,  it  would  be  possible  to  suggest  specifications  under  which 
fuel  oils  should  be  purchased,  and  to  arrive  at  some  conclusions  respecting 
the  uniformity  of  such  specifications,  with  due  allowance  for  climatic 
and  other  more  or  less  local  conditions.  While  such  specifications  do 
not  now  depart  from  a  conmion  standard  anything  like  as  much  as 
specifications  for  illuminating  oils  do,  yet  there  are  discrepancies  which 
should  not  exist.  Some  of  these  discrepancies  are  of  lessening  impor- 
tance, due  to  the  pronounced  tendency  to  distill  every  crude  oil  that  can 
be  distilled  with  profit,  and  to  send  residues  into  the  market  for  fuel  oil. 
Residues  from  the  refineries  are  of  a  more  uniform  chemical  composition 
and  physical  nature  than  many  of  the  crude  oils  that  go  direct  into  the 
fuel  market. 

The  lower  flash-point  oils  are  disappearing  from  the  fuel  trade  and  in 
place  of  them  we  are  getting  oils  that  do  not  flash  below  220^  F.,  nor 
bum  under  320^  F.  In  the  Southwest,  it  has  not  been  long  since  we  had 
fuel  oils  that  flashed  as  low  as  110°  F.,  and  the  average  flash  point  over 
a  considerable  period  was  151°  F.  Now  we  are  using  oil  that  flashes  at 
about  30°  lower  than  the  former  burning  point,  which  was  256°  F.  In 
other  words,  the  flash  point  has  risen,  on  the  average,  100°;  and  the 
burning  point  about  75°. 
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Less  than  two  years  ago  the  range  of  flash  point  in  fuel  oils  brought 
under  our  observation  was  from  110°  to  208**,  a  variation  of  nearly  100**. 
These  same  oils  had  a  burning  point  from  210°  to  303°,  a  range  of  nearly 
100°.  Within  the  last  months,  fuel  oils  have  shown  a  range  of  flash 
point  from  180°  to  276°,  and  of  burning  pomt  from  260°  to  345°.  While 
the  range  of  flash  and  burning  points  in  these  oils  is  about  the  same  in 
each  case,  taking  all  kinds  of  oil,  yet  the  range^in  residuum  oil  is  much  less 
marked.  It  is  easy  to  see  that  a  fuel  oil  flashing  at  110°  is  a  dangerous 
oil.  The  U.  S.  Navy  r^ulation  of  200°  flash  point  is  not  unreasonable. 
We  shall  recur  to  this  matter  again. 

As  an  aid  in  this  investigation,  I  have  prepared  a  biblic^aphy  of 
books  and  articles  dealing  with  fuel  oil.  The  basis  of  these  lists  is  the 
excellent  Bibliography  of  Petroleiun  prepared  by  W,  H.  Dalton,  L.  V. 
Dalton,  S.  L.  James,  and  E.  S.  Ward  for  the  third  (1913)  edition  of  Sir 
Boverton  Redwood's  Treatise  on  Petroleum.  These  gentlemen  listed 
8,804  titles,  from  1662  to  1911.  I  went  over  this  list  carefully  and  took 
out  the  titles  of  all  books  and  articles  referring  specifically  to  fuel  oil  and 
added  to  it  many  titles  for  the  years  1911-1912,  and  part  of  1913.  All 
of  these  titles  were  then  classified  under  appropriate  and  convenient 
headings,  so  that  it  is  now  easy  to  see  what  has  been  published,  accord- 
ing to  subject.  It  is  not  claimed  for  this  bibliography  that  it  is  original 
or  complete,  but  it  is  thought  that  the  104  books  and  the  800  articles 
listed  comprise  by  far  the  greater  nmnber  of  the  really  important  books 
and  papers.  It  represents  the  results  of  the  reading  and  selection  of 
some  10,000  titles.  I  would  be  much  gratified  to  have  this  list  criticised, 
corrected,  added  to  or  taken  from.  With  the  exception  of  the  Russian 
references,  which  were  translated  for  Redwood's  book,  the  titles  appear 
in  the  language  in  which  the  books  or  articles  were  written  and  as  they 
are  given  in  the  Bibliography  of  Petroleum  above  referred  to. 

The  fuel  oils  that  now  come  into  market  in  the  Southwest  are  of  two 
principal  kinds: 

1.  Crude  oil  that  cannot,  under  present  conditions,  be  profitably  dis- 
tilled. Such  oils  contain  the  distillates  which  are  removed  in  the  refin- 
eries, together  with  the  heavy,  more  or  less  asphaltic  material  which 
remains  in  the  stills  after  the  lighter  fractions  have  been  removed. 

2.  Residuum  from  the  stills  (ostcUkiy  or  astatki,  of  the  Russian  trade) . 
This  contains  no  light  oils  and  is  more  or  less  asphaltic  in  character. 

In  the  early  days  of  the  Texas-Louisiana  oil  industry  a  great  deal  of 
crude  oil  was  sold  as  fuel  and  at  very  low  prices,  20c.  a  barrel  and  even 
less.  An  analysis  of  a  representative  crude  oil  of  that  period  is  as 
follows: 
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Beaumont  Oil 

Fractions,  Per  Cent.  Specific                      Color 

Degrees  F.  by  Volume  Gravity 

84.2  to  212  ....  

212     to  267  .         ....  

257     to  302  2.9  "'0.7938  Colorless 

302     to  347  2.4  0.8275  Colorless 

347     to  392  1.1  Colorless 

392     to  437  3.1  0.8387  Pale  amber 

437     to  482  6.2  0.8590  Pale  amber 

482     to  527  11.8  0.8748  Straw  yeUow 

527     to  572  15.3  0,8897  Straw  yellow 

572     to  617  5.8  0.8957  Straw  yellow 

Above  617  36.8  0.9094  Reddish  brown 

The  color  of  the  crude  oil  was  reddish  brown;  the  flash  point  was  120^ 
F.;  the  specific  gravity  was  0.9103  =  24°  Baum6;  it  contained  2.4  per 
cent,  of  sulphur;  the  British  thermal  units  per  pound  were  19,785. 

Other  samples  of  the  early  Beaumont  oil  had  a  flash  point  of  165° 
F.  (open  cup),  a  viscosity  of  98  at  70°  F.,  and  did  not  congeal  at  10° 
below  zero  F.  They  showed  less  sulphur  than  the  above  analysis.  The 
fractions  yielded  up  to  500°  F.  varied  from  19  to  38  per  cent.,  according 
to  different  samples  and  different  analysts.  A  flash  test  of  110°  and  a 
burning  test  of  180°  are  recorded,  but,  so  far  as  the  writer  is  informed, 
there  was  no  flash  point  higher  than  165°  F.,  nor  burning  point  higher 
than  200°  F.  The  oil  had  a  comparatively  low  viscosity,  flowed  readily, 
was  easily  handled  by  ordinary  pumps  and  did  not  congeal  at  a  tem- 
perature several  degrees  below  zero,  5  to  10. 

Fuel  oil  of  this  general  character  was  supplied  for  several  years,  even 
after  the  completion  of  some  of  the  refineries,  and  it  is  still  marketed. 

Following  the  completion  of  the  refineries  and  the  laying  of  pipe 
lines  less  and  less  crude  oil  was  sold  for  fuel  and  more  of  it  was  distilled. 
The  increasing  demand  for  gasoline,  naphtha,  etc.,  consequent  upon  the 
development  of  the  internal-combustion  engine  and  chemical  industries, 
was  instrumental  in  causing  a  gradual  shifting  of  the  fuel-oil  trade  from 
crude  oil  to  the  residuum  oil. 

In  the  laboratory  of  the  Bureau  of  Economic  Geology  and  Technology, 
University  of  Texas,  we  have  recently  examined  12  samples  of  repre- 
sentative fuel  oils  from  Texas  and  Louisiana.  These  oils  were  distilled 
by  the  Engler  method,  and,  in  addition,  there  were  determined  the 
color,  specific  gravity,  viscosity,  flash  point,  burning  point,  and  British 
thermal  units  per  pound. 

The  following  tables  show  the  character  of  these  oils  (analyses  by 
S.  H.  Worrell  and  J.  E.  Stullken) : 
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Analysifl    No. 

Specific  Gravity  at 
60**  F. 

ViscoBity 
at  70**  F. 

Flash 
Point, 
Deg.  F. 

Burning 
Point, 
Deg.  F. 

B.t.u.  pe 
pound. 

1,162 

0.898  (26"»  B.) 

2,000 

248 

302 

19,164 

1,163 

0.921  (22*'B.) 

226 

140 

196 

18,996 

1,156 

0.916  (23**  B.)  ^ 

204 

140 

167 

19,040 

1,167 

0.940  (19**  B.) 

1,200 

248 

302 

18,880 

1,168 

0.910  (24**  B.) 

204 

131 

166 

19,080 

1,J69 

0.898  (26*  B.) 

1,008 

212 

302 

19,160 

1,160 

0.940  (19**  B.) 

1,134 

168 

230 

18,884 

1,161 

0.921  (22**  B.) 

106 

104 

140 

19,000 

1,167 

0.916  (23**  B.) 

161 

194 

266 

19,028 

1,168 

0.927  (21"*  B.) 

1,764 

266 

366 

19,312 

1,169 

0.927  (2rB.) 

270 

169 

267 

19,312 

1,170 

0.940  (19**  B.) 

3,600 

140 

186 

19,232 

In  these  analyses  the  specific  gravity  varied  from  0.898  (26^  B.) 
to  0.940  (19°  B.),  with  an  average  of  0.917  (22.5**  B.) ;  the  viscosity  varied 
from  106  to  3,600;  the  flash  point  varied  from  104°  to  248°  F.,  with  an 
average,  if  figures  so  far  apart  may  be  averaged,  of  178°  F.;  the  burning 
point  varied  from  140°  to  356°  F.,  with  an  average  of  236°  F.  There 
was  not  a  great  variation  in  the  B.t.u.  and  the  average  was  19,090. 

These  samples  were  also  distilled,  with  the  following  results: 


Analysii 

Degrees  F. 
Below  212.. 

»  No.  1,152. 

Saratoga 

t  Ldght  Crude  Oil. 

Per  Cent. 
.  None 
.  None 
.  None 
.     2.6 
.  17.6 
.     7.0 

Color,  RednBrovm 
Color 

212  to  302.. 

302  to  392.. 

392  to  482.. 

Prime  white 

482  to  672.. 

• 

Cream  white 

672  to  662.. 

Extra  pale 

1 
• 

12.6. 
20.0. 
19.6. 
13  6. 

Lemon  pale 
Oranire  Dale 

Above  662. . 

weight 

liirht  red 

Dark  red 

66.6 
.     7.6 

Residue,  by 

•  •  • 

100.0 

Analysis  No.  1,153.    Saratoga  Heavy  Crude  OH.    Color,  Dark  Brown 

Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 7.0 

392  to  482 10.0 

482  to  572 20.0 

672  to  662 44.0 

Above  662 16.0 

Residue,  by  weight 3.0 

looTo 


White 
White 

Cream  white 
Lemon  pale 
Bed 
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Analysis  No.  1,156.    Humble  Crude  OH,    Color,  RedrBrown 

D^rees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 4.0  White 

302  to  392 2.6  White 

392to482 10.0  White 

482  to  572 19.0  Prime  white 

572  to  662 12.0  Cream  white 

Above662 [f'l  Extra  pale 

119.5  Lemon  pale 

40.5 

Residue,  by  weight 12.0  

100.0 


Analysis  No.  1,157.    Wdsh  Crude  Oil.    Color,  Dark  Brown 


Degrees  F.  Per  Cent. 

Below  212 None 

212  to  302 None 

302  to  392 None 

392  to  482 4.0 

482  to  672 22.0 

60.0 
6.0 

65.0 

Above  662 f None 

Residue,  by  weight 9.0 


572  to  662. 


( 


100.0 


Color 


Cream  white 
Extra  pale 
Orange  pale 
Light  red 


Analysis  No.  1,158.    Humble  Crude  OH.    Color,  RedrBrown 

2,800-/^  Sand 


Degrees  F.  Per  Cent. 

Below  212 6.0 

212  to  302 4.6 

302  to  392 17.0 

392  to  482 3.0 

482  to  672 14.0 

572  to  662 9.0 

16.0 

Above  662 20.0 

6.0 

40.1 

Residue,  by  weight 6.6 


Color 
White 
White 
White 

Prime  white 
Cream  white 
Extra  pale 
Lemon  pale 
Orange  pale 
light  red 


100.0 
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Analysis  No,  1,159.    Eledra  Residuum  Oil.     Color,  Red-Brown 


Degrees  F.  Per  Cent. 

Below  212 None 

212  to  302 None  " 

302  to  392 1.0 

392  to  482 1.0 

482  to  572 11.0 

572  to  062 6.6 

18.6 


CJolor 


Above  662 - 


17.0 

16.0 

16.0 

6.6 


White 
White 
Prime  white 
Cream  white 
Extra  pale 
Lemon  pale 
Orange  pale 
light  red 
Dark  red 


73.0 

Residue,  by  weight 8.6 


100.0 


Analysis  No.  1,160.     Sour  Lake  Crude  Oil.     Color,  Red-Brown 


Degrees  F.  Per  Cent. 

Below  212 None 

212  to  302 None 

302  to  392 None 

392  to  482 11.0 

482  to  572 23.0 

20  .t) 
19.0 

39.0 

Above  662 ^ 19.0 

Residue,  by  weight 8.0 


Color 


672  to  662 


{ 


Cream  white 
Extra  pale 
Lemon  pale 
Light  red 


Red 


100.0 


Analysis  No.  1,161.     Humble  Crude  Oil.     Color,  Red-Brown 

1,200-/^.  Sand 

Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 11.0  Cream  white 

302  to  392 10.0  Extra  pale 

392  to  482 15.0  Extra  pale 

482  to  572 38.0  Orange  pale 

572  to  662 20.0  Orange  pale 

Above  662 4.0  Red 

Residue,  by  weight ' 2.0  


100.0 
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Analysts  No.  1,167.    Markham  Crude  Oil.    Color,  LightrBrown, 


Degrees  F.  Per  Cent. 

Below  212 None 

212  to  302 None 

302  to  392 6.0 

392  to  482 18.0 

482  to  572.  '^^'^ 


Color 


28.0 


572  to  662, 


8.0 

19.0 

20.0 

4.0 

43.0 

Above  662 6.0 

Residue,  by  weight 1.0 


White 
White 
White 
Extra  pale 

Extra  pale 
Lemon  pale 
Orange  pale 

Red 


100.0 


Analysis  No.  1,168.     Caddo  Heavy  Crude  Oil.    Color,  Dark  Red-Brown 


Degrees  F.  Per  Cent. 

Below  212 None 

212  to  302 None 

302  to  392 None 

392  to  482 8.0 

482  to  672 28.0 

572  to  662 13.0 

23.0 

Above  662 14.0 

6.0 

43.0 

Residue,  by  weight 8.0 


Color 


White 
Extra  pale 
Lemon  pale 
Greenish  tinge 
Light  red 
Dark  red 


100.0 


Analysis  No.  1,169.     Vinton  Crude  Oil.    Color,  Red-Brown 

Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 3.6  White 

392  to  482 11 .0  White 

482  to  572 21 .0  White 

'^'^^^ {S:2  ""^^T 

40.6 

*^«» {1:S  SS"^ 

23.0 

Residue,  by  weight 1.0  

100.0 
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Analysis  No.  1,170.    Mexican  Crvde  OH.    CclcTf  Black 
Degrees  F^  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 8.0  White 

392  to  482 6.0  White 

482  to  672 14.0  Extra  pale 

20.0  light  red 

26.0  Bed 


672  to  662 I 


46.0 

Above  662 8.0  

Besidue,  by  weight 18.0  

100.0 

It  is  to  be  observed  from  these  analyses: 

1.  The  oil  of  the  lowest  flash  point,  104^  F.,  had  also  the  lowest  vis- 
cosity, 106.  Up  to  482**  F.  (250**  C),  it  yielded  36  per  cent,  of  distillates, 
and  left  but  little  residue  in  the  still.  The  burning  point  of  this  oil 
was  140^  F.  This  is  not  a  safe  oil  for  fuel  purposes,  the  flash  point  and 
burning  point  being  entirely  too  low. 

2.  The  oil  of  the  highest  flash  point,  266^  F.,  had  a  high  viscosity, 
1,764.  Up  to  482**  F.,  it  yielded  8.0  per  cent,  of  distillates,  and  left  8 
per  cent,  of  residue  in  the  still.  The  burning  point  of  this  oil  was  356^ 
F.  This  is  a  very  safe  oil  for  fuel  purposes;  but,  on  account  of  its  high 
viscosity,  it  will  have  to  be  handled  through  larger  pipes  and  with 
special  pumps. 

3.  The  oil  of  a  medium  flash  point,  viz.,  194**  F.,  had  a  comparatively 
low  viscosity,  151.  Up  to  482**  F.,  it  yielded  23  per  cent,  of  distillates. 
Its  burning  point  was  266**  F.  While  this  oil,  in  respect  of  its  flash  point, 
would  not  meet  the  requirements  of  the  U.  S.  Navy,  200**  F.,  yet  it  is  a 
safe  fuel. 

4.  Out  of  the  12  samples  examined,  there  were  but  four  that  showed 
a  flash  point  above  200**  F.  Of  the  remaining  eight,  one  flashed  between 
190°  and  200°;  two  between  150**  and  160**;  three  between  140**  and  150**; 
one  between  130**  and  140**;  and  one  between  100**  and  110**.  If  we  accept 
the  Navy  specification  as  to  flash  point,  two-thirds  of  these  oils  would  be 
rejected,  and  yet  they  are  representative  fuel  oils,  sold  and  used  in  large 
quantities  throughout  the  Southwest.  So  far  as  the  writer  is  informed, 
no  serious  catastrophe  has  occurred  from  the  use  of  any  of  these  oils, 
even  those  of  lowest  flash  point. 

In  order  to  elucidate  this  matter  further,  I  give  the  results  of  the 
examination  of  31  samples  of  fuel  oil  tested  in  our  laboratory  for  the 
Purchasing  Agent  of  the  State  of  Texas,  from  Nov.  26,  1912,  to  Jan.  22, 
1914.    The  State  of  Texas  maintains  a  Purchasing  Agent,  whose  duty 
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it  is  to  secure  supplies  for  the  charitable  institutions.  All  of  the  fuels 
are  analyzed  in  our  laboratory  r^ularly,  the  samples  being  taken  at 
the  points  of  consumption  under  instructions  from  this  official.  It  is  but 
fair  to  say  that  we  do  not  have  charge  of  the  sampling,  but  we  do  advise 
the  State  Purchasing  Agent  how  the  samples  should  be  taken.  The 
examination  of  these  samples  shows  (analyses  by  S.  H.  Worrelland 
J.  E.  Stullken) : 

From  To  Average 

Specific  gravity 0.868  (31'*  B.)  0.931  {2V  B.)  0.898  (26**  B.) 

Viscosity  at  70**  F 204  1,026  548 

Flashpoint 110  291  203 

Burning  point 180  350  277 

B.t.u.  per  pound 18,964  19,500  19,173 

• 

There  has  been  a  marked  change  in  the  character  of  fuel  oils 
examined  for  the  State  Purchasing  Agent  since  November,  1912,  with 
respect  to  flash  and  burning  points.  During  1912-1913,  we  examined 
19  samples.    These  showed: 

From  To  Average 

Specific  gravity 0.868  (31**  B.)  0.931  (20^  B.)  0.898 

Flashpoint 110  218  151 

Burning  point 180  276  221 

Of  12  samples  examined  for  flash  point,  only  two  came  up  to  the 
Navy  requirements  of  200**  F.  One  sample  gave  between  190**  and  200°; 
one  sample  between  180**  and  190**;  one  between  140**  and  150°;  one  be- 
tween 130°  and  140°;  five  between  120°  and  130°;  and  one  between  100° 
and  110°. 

B^inning  in  the  fall  of  1913  and  continuing  through  the  winter 
deliveries,  12  samples  of  fuel  oil,  under  contracts  for  the  State,  showed  the 
following: 

From  To  Average 

Specific  gravity 0.892  (27*  B.)  0.904  (25*  B.)  0.90  (25*  B.) 

Viaoosity 204  1,026  548 

Flashpoint 210  303  250 

Burning  point 260  350  324 

As  compared  with  the  quality  in  1912  and  the  early  part  of  1913, 
we  observe  that  the  flash  point  increased  from  110°  to  210°  F.,  the  average 
increasing  from  151°  to  250°;  the  burning  point  increased  from  180°  to 
260^,  the  average  increasing  from  221°  to  324°.  No  viscosity  determina- 
tions were  made  on  the  earlier  samples. 
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Of  these  12  samples,  not  one  of  them  flashed  as  low  as  200°  F.,  and 
the  average  of  the  entire  lot  was  250°.  These  samples  were  taken  from 
actual  deliveries  at  points  of  consumption  and  are  not  company  samples 
at  all 

Every  one  of  these  samples  represents  a  safe  fuel  oil,  whereas,  of  the 
former  lot  only  two  out  of  twelve,  or  16.6  per  cent.,  are  to  be  considered 
as  safe,  from  the  standpoint  of  flashing. 

During  the  last  months  there  has  been  some  complaint  from  fuel-oil 
consumers  as  to  the  quality  of  the  oil.  In  nearly  every  case  that  has 
been  investigated,  the  trouble  was  found  to  be  in  the  methods  of  handling, 
in  the  pumps  and  in  the  burners.  In  one  particular  case  the  oil  was 
pumped  about  1^  miles  from  the  railroad  siding  to  the  storage  tanks  at 
the  boilers.  It  was  handled  with  difficulty.  The  pipe  was  too  small 
and  the  pumps  were  not  designed  to  handle  a  heavy,  viscid  oil. 

In  another  case,  the  consumer  said  that  he  was  compelled  to  add 
about  300  gal.  of  kerosene  to  his  fuel  oil  in  order  to  get  it  through  the  pipes 
to  the  burners,  by  gravity.  What  the  insurance  company  would  have 
said  to  him  is  another  matter!  But  neither  the  insurance  companies  nor 
the  inunicipal  authorities  are  supposed  to  know  everything  and  there  is 
an  old,  but  questionable,  statement,  to  the  effect  that  what  you  don't 
know  won't  hurt  you. 

WateTin  Fuel  Oil 

I  approach  this  subject  with  some  hesitancy,  for  I  am  aware  of  the 
confusion  attending  it.  The  accurate  determination  of  water  in  heavy 
oils  is  a  matter  of  considerable  difficulty,  and  it  is  doubtful  if  any  of  the 
methods  now  proposed  is  reliable  in  every  case.  Of  course,  there  should 
not  be  water  in  fuel  oil,  but,  equally  of  course,  it  is  sometimes  present. 
It  is  gratifying  to  be  able  to  say  that  of  the  50  odd  commercial  samples 
of  fuel  oil  examined  in  our  laboratory  during  the  last  two  years,  only 
two  contained  appreciable  amounts  of  water.  Of  these  two,  however, 
one  contained  20  per  cent.,  and  the  other  5  per  cent.  Neither  of  these  oils 
was  a  very  heavy  oil,  so  that  we  were  able  to  determine  the  water  with  a 
fair  degree  of  accuracy. 

We  are  now  trying  out  a  number  of  methods  for  the  determination 
of  water  in  heavy  crude  oils  and  in  residuum  oils  and  hope  to  be  able 
to  report  on  this  matter  later.  As  far  as  we  have  progressed,  however, 
we  are  able  to  say  that  the  gasoline  method,  as  adopted  by  the  U.  S. 
Navy,  does  not  apply  to  some  of  the  very  heavy  oils  with  which  we  have 
to  deal. 

Residuum  oils  can  contain  water  only  if  it  is  purposely  added  or  if 
rain  water,  etc.,  gets  into  the  tank  cars  or  reservoirs. 
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Dirt,  Sand,  Sediment,  etc. 

Practically  all  of  the  oils  that  we  have  examined  were  commercially 
free  from  sand,  sediment,  etc.  One  complaint  that  reached  us  was  found 
to  be  due  to  an  insufficient  pipe  line  and  to  inadequate  pumps  and 
burners,  not  to  the  quality  of  the  oil.  If  the  well  casing  is  not  properly 
set,  or  if  there  is  a  break  in  the  casing,  opportunity  is  given  for  the  intake 
of  dirt,  etc.,  but  we  have  not  found  that  the  fuel  oils  are  dirty  oils. 
One  consumer  complained  that  his  oil  was  dirty  because  he  could  write 
bis  name  in  the  dirt  that  was  on  top  of  the  oil.  This  complaint  was  not 
found  to  be  well  based. 

Sulphur 

We  have  not  examined  many  fuel  oils  for  sulphur.  As  a  rule,  this 
ingredient  is  not  included  in  specifications,  and  is  not  ordinarily  deter- 
mined. In  some  fuel  oils  the  sulphur  may  be  as  high  as  1  per  cent.,  but 
the  average  is  probably  below  0.75  per  cent. 

Viscosity 

Considering  the  advent  of  very  heavy,  viscid  oils  into  the  fuel  trade, 
the  d^ree  of  viscosity  should  always  be  specified.  In  the  U.  S.  Navy 
it  is  required  that  fuel  oil  shall  flow  freely  from  a  round  orifice  of  i 
in.  under  a  head  of  2  ft.,  at  a  temperature  of  40°  F.  This  is  a  severe 
requirement  and  should  be  modified.  A  better  plan  would  be  to  require 
that  the  oil  shall  flow  through  an  orifice  of  given  size  at  the  rate  of  so 
many  gallons,  or  fractions  thereof,  per  unit  of  time,  at  a  temperature 
of  60°  F.,  and  under  a  given  head.  Many  of  our  best  fuel  oils  would  be 
excluded  under  the  present  specifications.  The  expression  "shall  flow 
freely  and  in  a  continuous  stream"  is  entirely  too  vague.  A  tempera- 
ture of  40°  F.  is  too  severe  a  requirement,  considering  that  the  flash  point 
is  placed  at  the  minimum  of  200°  F. 

We  determined  the  specific  gravity  at  60°  F.  and  the  viscosity  at  70° 
F.,  in  24  samples.  The  results  were  as  follows — specific  gravity,  upper 
figures;  viscosity,  lower  figures: 


.892 

0.898 

0.902 

0.904 

0.910 

0.915 

0.921 

0.927 

0.940 

250 

444 

1,026 

204 

204 

161 

106 

270 

1,134 

285 

636 

840 

1,008 

2,000 

384 
560 
564 
618 
768 

204 

226 

1,764 

1,200 
3,600 

According  to  these  results,  there  is  no  connection  between  the  specific 
gravity  and  the  viscosity.    While  it  is  true  that  the  heaviest  oil  had  the 
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highest  viscosity,  yet  one  of  the  lighter  oils  had  a  viscosity  greater  than 
two  of  the  samples  of  the  heaviest  oil.  The  lowest  viscosities  observed, 
106  and  226,  were  in  a  heavy  oil,  specific  gravity  0.921.  The  lightest 
oil  did  not  have  the  lowest  viscosity. 

There  are  heavy  liquids  that  are  not  viscous  and  there  are  viscous 
liquids  whose  viscosity  is  exceeded  by  that  of  lighter  liquids. 

Viscosity  arises  from  the  mutual  attraction  of  the  molecules.  An 
increase  of  temperature  diminishes  it  and  a  decrease  of  temperature 
increases  it.  For  the  easily  flowing  oils  we  should  employ  the  term 
mobility^  as  this  is  the  opposite  of  viscosity.  Just  where  the  line  of 
separation  should  be  drawn,  for  fuel  oils,  I  am  not  now  prepared  to  say, 
but  would  venture  to  suggest  that  it  be  made  a  subject  of  investigation 
by  the  Institute's  Committee  on  Petroleum  and  Gas.  With  such  a  wide 
range  in  fuel  oils,  106  to  3,600,  in  what  is  termed  "viscosity,"  it  would 
appear  that  there  is  urgent  need  of  a  new  nomenclature.  There  are 
five  principal  elements  that  enter  into  this  matter : 
1    Time. 

2.  Amount  of  oil. 

3.  Temperature. 

4:  Size  and  condition  of  orifice. 

5.  Head. 
The  term  "viscosity"  should  relate  to  the  time  required  for  a  given 
amount  of  oil  at  a  given  temperature  to  flow  through  a  given  orifice  under 
a  given  head.    This  would  clarify  a  much-troubled  subject. 

In  Technical  Paper  No.  3  of  the  U.  S.  Bureau  of  Mines,  Washington, 
1911,  Irving  C.  Allen  proposes  the  following  specifications  for  fuel  oil 
to  be  purchased  by  the  government: 

(1)  In  determining  the  award  of  a  contract,  consideration  will  be  given  to  the 
quality  of  the  fuel  offered  by  the  bidders,  as  well  as  the  price,  and  should  it  appear 
to  be  to  the  best  interest  of  the  Government  to  award  a  contract  at  a  higher  price 
than  that  named  in  the  lowest  bid  or  bids  received,  the  contract  will  be  so  awarded. 

(2)  Fuel  oil  should  be  either  a  natural  homogeneous  oil  or  a  homogeneous  residue 
from  a  natural  oil;  if  the  latter,  all  constituents  having  a  low  flash  point  should 
have  been  removed  by  distillation;  it  should  not  be  composed  of  a  light  oil  and  a 
heavy  residue  mixed  in  such  proportions  as  to  give  the  density  desired. 

(3)  It  should  not  have  been  distilled  at  a  temperature  high  enough  to  bum  it, 
nor  at  a  temperature  so  high  that  flecks  of  carbonaceous  matter  began  to  separate. 

(4)  It  should  not  flash  below  eO""  C.  (140''  F.)  in  a  closed  Abel-Pensky  or  Pensky- 
Martens  tester. 

(6)  Its  specific  gravity  should  range  from  0.85  to  0.96  at  15**  C.  (59**  F.);  the  oil 
should  be  rejected  if  its  specific  gravity  is  above  0.97  at  that  temperature. 

(6)  It  should  be  mobile,  free  from  solid  or  semisolid  bodies,  and  should  flow  readily, 
at  ordinary  atmospheric  temperatures  and  under  a  head  of  1  ft.  of  oil,  through  a 
4-in.  pipe  10  ft.  in  length. 

(7)  It  should  not  congeal  nor  become  too  sluggish  to  flow  at  0**  G.  (32®  F.). 

(8)  It  should  have  a  calorific  value  of  not  less  than  10,000  calories  per  gram  (18,000 
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B.t.u.  per  pound);  10,250  calories  to  be  the  standard.  A  bonus  is  to  be  paid  or  a 
penalty  deducted  according  to  the  method  stated  under  section  21,  as  the  fuel  oil 
delivered  is  above  or  below  this  standard. 

(9)  It  should  be  rejected  if  it  contains  more  than  2  per  cent,  water. 

(10)  It  should  be  rejected  if  it  contains  more  than  1  per  cent,  sulphur. 

(11)  It  should  not  contain  more  than  a  trace  of  sand,  clay,  or  dirt. 

The  specifications  for  fuel  oil  for  the  U.  S.  Navy  are  as  follows : 

1.  Fuel  oil  shall  be  a  petroleum  of  best  quality,  free  from  grit,  acid,  fibrous  and 
other  foreign  matter  likely  to  dog  or  injure  the  burners  or  valves. 

2.  The  unit  of  quantity  to  be  a  gallon  of  231  ou.  in.  at  a  standard  temperature 
of  60^  F.  For  every  variation  of  10°  F.  from  the  standard,  one-half  of  1  per  cent, 
shall  be  added  to  or  deducted  from  the  measured  or  gauged  quantity  for  correction. 

3.  Sulphur  in  the  oil  must  not  exceed  three-fourths  of  1  per  cent,  by  weight. 

4.  Free  water  and  sediment  in  the  oil  shown  by  gasoline  test  must  not  exceed  1 
per  cent,  by  volume.    The  gasoline  test  shall  be  made  as  follows: 

5.  Samples  taken  at  random  should  be  thoroughly  shaken  and  mixed;  then  50 
cc.  of  sample  placed  in  a  100-cm.  graduated  glass  cylinder.  An  equal  quantity  of 
not  less  than  6S°  gasoline  should  be  mixed  with  the  sample  in  the  graduated  glass; 
the  combined  mixture  of  oil  and  gasoline  should  then  be  thoroughly  shaken  and 
mixed  and  allowed  to  stand  not  less  than6hr8.,  when  percentage  of  water  and 
sediment  will  be  taken  by  the  inspector. 

6.  The  oil  shall  not  flash  at  a  temperature  less  than  200°  F.,  the  test  to  be  made 
by  the  Abel  or  Pensky-Martens  closed  cup  method. 

7.  The  oil  shall  have  a  gravity  Baum4  not  greater  than  30°  at  60°  F.,  deter- 
mined from  an  average  sample.  ^ 

8.  The  oil  shall  flow  freely  and  in  a  continuous  stream  through  a  }-in.  circular 
hole,  under  a  2-f t.  head  at  a  temperature  of  40°  F.  Oil  that  fails  to  flow  freely  and 
in  the  required  quantities  to  pump  suctions,  pass  through  pumps,  piping  and  burners 
at  a  temperature  of  40°  F>  may  be  rejected. 

9.  The  oil  shall  have  a  calorific  value  not  under  144,000  B.t.u.  per  gallon,  to  be 
taken  from  an  average  sample  or  samples  of  the  product  as  delivered,  or  made  before 
delivery.  In  determining  this  value,  the  bomb  calorimeter  shall  be  used  to  determine 
the  B.t.u.  per  pound  from  which  the  B.t.u.  per  gallon  shall  be  calculated  by  using 
8.331  lb.  of  distilled  water  per  gallon  at  60°  F.  and  the  specified  gravity  of  the  oil 
as  determined  by  the  Baum6  test  at  same  temperature. 

Mr.  Irving  recommends  a  flash  point  not  below  140**  F.,  the  Navy- 
specifications  a  flash  point  not  below  200°  F.  Mr.  Irving  recommends 
that  the  oil  should  be  so  mobile  as  to  flow  readily,  at  ordinary  atmos- 
pheric temperatures  and  under  a  head  of  1  ft.  of  oil,  through  a  4-in. 
pipe  10  ft.  in  length.  The  Navy  calls  for  an  oil  that  shall  flow  freely 
and  in  a  continuous  stream  through  a  ^-in.  circular  hole,  under  a  2-ft. 
head,  at  a  temperature  of  40°  F. 

Mr.  Irving  recommends  that  the  oil  should  not  contain  more  than  2 
per  cent,  of  water  or  1  per  cent,  of  sulphur,  or  more  than  a  trace  of  sand, 
clay,  or  dirt.  The  Navy  allows  1  per  cent.,  by  volume,  of  free  water  and 
sediment  and  allows  not  over  0.75  per  cent,  of  sulphur.  It  is  probable 
that  most  of  the  heavy  oils  now  sold  in  the  Southwest  would  have  no 
special  difficulty  in  meeting  any  of  these  suggestions  or  specifications, 
with  the  exception  of  the  mobile  and  viscosity  tests.     I  have  not  had 
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time  or  opportunity  for  inquiring  into  the  specifications  for  fuel  oil  as 
adopted  by  foreign  governments,  but  this  will  be  done  as  soon  as 
possible. 

Prodiiction 

During  the  last  six  years,  in  which  there  has  been  so  great  a  develop- 
ment of  the  fuel-oil  industry,  the  total  production  of  cri^ie  petroleum  in 
the  United  States  was  1,179,823,421  barrels  of  42  gal.  Of  this  amount, 
the  Southwest  produced  as  follows : 

Barrels 

Louisiana 40,673,880 

Oklahoma 296,707,637 

Texas 63,225,422 

400,606,839 

Or  about  34  per  cent,  of  the  total. 

It  is  not  known  how  much  of  the  oil  produced  in  these  States  was 
sold,  for  fuel  purposes,  as  crude  oil,  or  how  much  was  first  sent  to  the 
refineries  and  afterward  sold.  Such  statistics  as  have  been  collected  are 
incomplete  and,  therefore,  misleading.  Furthermore,  not  all  of  the  resi- 
dues from  the  stills  goes  into  the  fuel  market,  for  considerable  quantities 
are  used  for  roofing,  for  road  surfacing,  for  bitulithic  purposes,  etc. 


Imports 

The  value  of  the  imports  for  consumption  of  petroleum  during  the 
last  five  years  is  reported  by  the  U.  S.  Bureail  of  Foreign  and  Domestic 
Commerce  as  follows: 

1908 $607,658 

1909 197,023 

1910 1,398,861 

1911 2,410,884 

1912 6.082,881 

$10,697,307 

w 

The  imports  of  Mexican  crude  and  residuum  have  been  as  follows 
{Fml  Oil  Journal,  vol.  v,  No.  2,  pp.  7,  8,  Feb.,  1914) : 

In  1912  the  imports  were  6,500,000  barrels,  and  in  1913,  with  the  ex- 
ception of  December  returns  from  Port  Tampa  and  Jacksonville,  Florida, 
were  16,360,779  barrels.    By  ports  the  figures  are: 
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BarrelB  Value 

Galveston 3,130,497  $1,702,546 

Sabine 2,490,613  1,328,629 

New  Orleans 2,318,297  1,385,898 

New  York 2,155,091  2,028,335 

Port  Arthur 1,501,524  856,736 

Corpus  Chriflti  and  Port  Aransaa 1,317,049  398,452 

Tampa 972,550  605,195 

Baltimore 914,469  557,628 

Philadelphia 634,725  341,596 

JackaonviUe 295,570  173,720 

Providence 114,000  55,378 

Missing  returns  and  misoellaneous 516,394        

16,360,779        19,434,013 

Exports — Territorial 

The  shipments  of  crude  petroleum  to  Alaska,  the  Hawaiian  Islands, 

and  Porto  Rico,  during  the  years  named,  were  as  follows,  in  barrels  of 

42  gal. : 

Alaska  aiwaiian  p^^  ^^ 

Islands 

1906 64,000  

1907 216,770  926,581             

1908 283,128  1,136,900  5,937 

1909 334,283  1,034;797  •     1,211 

1910 448,467  1,288,602  2,080 

1911 431,959  1,114,084  12,299 

1912 79,144  917,238  602 

Total 1,857,751  6,418,102  22,128 

Exports 

The  exports  of  crude  oil  during  the  last  four  fiscal  years,  ending  Jime 
30,  were  as  follows,  in  barrels  of  42  gal. : 

1909  1910  1911  1912 

To  Europe 1,619,037       542,233       797,102    1,226,228 

To  North  America 1,989,612  2,755,732    2,949,956    3,183,372 

To  South  America 242,448       722,706       661,764       543,794 

To  Japan 192,915 

Total 4,044,012    4,020,671    4,408,822    4,953,394 

During  these  same  years,  the  exports  of  residuum,  in  barrels  of  42 
gal.,  were  as  follows: 

1909  1910  1911  1912 

Europe 92,070,389  112,792,362  102,430,883  111,321.764 

North  America 10,962,529  10,742,492  15,708,381  30,443,892 

Allotheni 155,115  520,924  5,258,924  26,573,822 

Total 103,188,033    124,055,778    123,408,188    168,339,478 
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The  exports  of  crude  oil  during  these  years  remained  fairly  steady, 
but  there  was  a  considerable  increase  in  the  exportation  of  residuum, 
amounting  to  about  63  per  cent,  as  between  1909  and  1912. 

Prices 

The  prices  of  fuel  oil  in  the  Southwest  as  given  by  iheFuel  Oil  Joumalj 
Houston,  are  as  follows,  at  different  points: 

During  the  last  three  months  of  1911,  prices  at  Texas  points  varied 
from  70c.  to  75c.  a  barrel,  and  at  Louisiana  points,  from  63c.  to  80c.,  the 
latter  price  maintaining  for  Mississippi  river  points. 

During  1912,  prices  at  Texas  points  were  quoted  at  70c.  in  January 
and  95c.  to  SI  in  December.  At  Louisiana  points  prices  varied  from  63c. 
in  January  to  $1  in  December.  In  Oklahoma  (Tulsa),  they  varied  from 
60c.  in  January  to  $1.15  in  December. 

In  1913,  Texas  prices  opened  at  $1.10  to  $1.26,  and  advanced  during 
the  year  to  $1.18  and  $1.30.  At  Louisiana  points  the  prices  varied  from 
$1  to  $1.25,  and  in  Oklahoma  (Tulsa)  quotations  in  January  were  from 
$1  to  $1.25,  declining  to  75c.  to  85c.  in  December.  During  1913,  the 
prices  of  Mexican  crude  at  Texas  ports  ranged  from  $1.05  to  $1.20. 

During  the  last  two  years  there  has  been  a  stiffening  of  prices — viz., 
from  70c.  to  $1.30  a  barrel. 

In  the  year  1900,  just  preceding  the  discovery  of  the  Beaumont 
oil  field,  the  average  value  of  crude  petroleum  in  Texas  was  $1.04  a  barrel. 
In  1901  it  was  29c.,  and  in  1902  it  was  22c.,  the  lowest  average  price  ever 
reached  in  the  State. 

The  change  in  the  conditions  surrounding  the  industry  is  well  shown 
in  the  fact  that  the  28,136,189  barrels  of  crude  oil  produced  in  Texas 
in  1905  were  worth  $7,552,262,  or  27c.  per  barrel,  while  the  11,735,057 
barrels  produced  in  1912  were  worth  $8,852,713,  or  75c.  a  barrel.  Re- 
siduum oil  is  now  selling  30  per  cent,  higher  than  crude  oil  in  1900, 
and  about  170  per  cent,  higher  than  crude  oil  in  1902. 

In  1907,  the  production  of  crude  oil  in  Oklahoma  was  43,524,128 
barrels,  valued  at  $17,513,524,  or  40c.  a  barrel.  In  1912,  the  production 
was  51,427,071  barrels,  valued  at  $34,672,604,  or  67c.  a  barrel. 

In  1905,  the  production  of  crude  oil  in  Louisiana  was  8,910,416 
barrels,  valued  at  $1,601,325,  or  18c.  a  barrel.  In  1912,  the  production 
was  9,263,439  barrels,  valued  at  $7,023,827,  or  75c.  a  barrel. 

The  production  of  what  is  known  as  the  Gulf  oil  field  (coastal  Louisi- 
ana and  coastal  Texas)  reached  its  maximum  in  1905,  with  36,526,323 
barrels.     In  1912,  the  production  was  8,545,018  barrels.' 

These  figures  would  seem  to  indicate  that  these  oils  are  now  being 
distilled  for  the  recovery  of  the  lighter  oils  and  the  increase  in  the  number 
of  refineries  substantiates  this  view. 
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It  is  not  possible;  at  this  time)  to  state  just  what  proportion  of  fuel 
oil  is  crude  oil,  but  it  is  certainly  much  less  than  it  was  a  few  years  ago, 
and  is  likely  to  decrease  in  the  future,  insofar  as  concerns  the  Southwest. 

With  the  exception  of  the  crude  oil  imported  from  Mexico,  a  large 
proportion  of  the  fuel  oil  used  in  the  Southwest  is  residuum  from  the 
refineries.  Just  how  much  is  used,  we  do  not  know,  for  the  statistics  to 
hand  cover  only  the  use  by  railroads,  and  even  these  are  incomplete 
for  the  area  involved. 

Dr.  David  T.  Day,  in  Mineral  Resources  of  the  United  States,  U.  S. 
Geological  Survey,  1912,  gives  a  table  to  show  the  consumption  of  fuel 
oil  by  the  railroads  of  the  United  States,  from  1906  to  1912,  inclusive. 
This  table  is  as  follows: 


Consumpt 

ion  of  Fuel  Oil  by  the  Railroads  of  the  United  States,  1906-1912. 

Length  of  lines 

Quantity   of  oil 

Total  mileage 

Average  no. 

Year 

operated  with 

consumed. 

made   by 

of  miles  per 

oil.  Miles 

Barrels 

engines 

barrel  of  oil 

1906 

15,577,677 

1907 

13,573 

18,849,803 

74,079,726 

3.93 

1908 

15,474 

16,870,882 

64,279,509 

3.81 

1909 

17,676 

19,905,335 

72,918,118 

3.66 

.    1910 

22,709 

23,817,346 

89,107,883 

3.74 

1911 

30,039 

29,748,845 

109,680,976 

3.69 

1912 

28,461 

33,605,598 

121,393,228 

3.61 

Total  and 

average.. 

.    127,922 

158,375,486 

531,459,440 

3.74 

Dr.  Day  gives  a  list  of  48  railroads  (and  systems)  that  used  fuel 
oil  in  1912,  and  of  these  23  are  in  the  Southwest. 

According  to  the  Fv^l  Oil  Journal  (vol.  v,  No.  2,  pp.  66  to  68,  Feb., 
1914)  the  consumption  of  fuel  oil  by  the  railroads  in  Texas  and  Louisiana 
in  1913  was  11,148,264  barrels,  as  follows: 

Barrels 

Southern  Pacific 4,455,749 

Gulf,  Colorado  &  Santa  F6 2,342,703 

Kansas  City  Southern 922,191 

San  Antonio  &  Aransas  Pass 703,145 

Frisco  Lines 513,912 

Trinity  &  Brazos  Valley 409,459 

Houston  Belt  &  Terminal 104,240 

All  others 1,696,155 


11,148,254 


In  1913,  the  Southern  Pacific  imported  1,784,143  barrels  of  Mexican 
crude  for  its  own  use  as  fuel. 
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Dr.  Day  states  that  the  estimated  consumption  of  fuel  oil  by  rail- 
roads and  for  other  industrial  purposes,  in  California,  in  1912,  was 
65,000,000  barrels.  He  also  states  that  during  the  year  1912,  the  U.  S. 
Navy  ased  21,000,000  gfel.  of  fuel  oil  and  that  the  consumption  for  1913 
will  probably  be  30,000,000  gal. 

The  President  of  the  United  States  has  set  aside  about  100  square 
miles  of  oil-producing  land  in  the  Elk  Hills  and  Buena  Vista  fields, 
California,  as  a  naval  petroleum  reserve.  This  reserve  has  an  estimated 
capacity  of  260,000,000  barrels. 

For  the  U.  S.  Navy,  tank  storage  is  provided  as  follows: 

Barrels 

Boston 36,000 

MelvUle,  R.  1 36,000 

Norfolk 36,000 

Charleston 36,000 

Key  West 36,000 

Guantanamo,  Cuba 223,000 

Pearl  Harbor,  H.  1 200,000 

603,000 

« 

It  is  also  stated  that  storage  tanks  are  to  be  established  at  New 
York,  San  Francisco,  San  Diego,  Puget  Sound,  Guam,  and  Cavite.  At 
the  Philadelphia  Navy  Yard  there  is  maintained  a  well-equipped  fuel- 
oil  testing  plant,  where  evaporative  tests  with  various  burners  and  boilers 
are  conducted  and  instruction  is  given  to  the  officers  and  men. 

BmLIOGRAPHY  OF  FUEL   OiL 

(Prepared    from    the   Bibliography   of   Petroleum,  in   Sir   Boverton    Redwood's 

TreatUe  on  Petroleum,  1913,  with  many  additions) 

Artidea  and  Papers 

BOILSBS 

Action  of  Oil  on 

Denton,  Jambs  £. — A  Test  on  Beaumont,  Texas,  Oil.    Pub.  in  BxdL.  No,  3,  Univ. 

Tex.  Min,  Surv,,  May,  1902. 
Ibnisch,  H.  Eh. — Action  of  Fuel  Oil  on  Boilers.    Zap.  Imp.  Ruesk.  Tekhn.,  g.  zii, 

otd.  1,  pp.  40-64.     1878. 

Efficiency  of 

Claekb,  F.  T.— High  Boiler  Efficiency  with  Oil  Fuel.    Power,  vol.  xxxiii,  1911,  pp. 

720-723. 
Mbnzin,  a.  L. — Performance  of  a  45-h.p.  Boiler  with  Oil  Fuel.    Eng.  Newe,  May  29, 

1913,  p.  1125. 
RosoK,  T.  A. — Turbine  Station  of  the  Bisbee  Improvement  Company,  Arizona. 

(Results  of  oil-burning  plant.)     Electr.  Wld.,  vol.  Ivi,  pp.  661-664.     1910. 
ScHPAKOvsKi. — Comparative  Value  for  Steam  Boilers  of  Coal,  Turpentine  «ad 

Petroleum.     Morsk.  Shm.,  1866.  pp.  173-180. 
Strohm,  R.  T.— Oil  Fuel  for  Steam  Boiler.    Mech.  Wld.,  Nov.  21,  1913. 
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WiBLAND,  C.  F. — Comparative  Evaporative  Values  of  Coal  and  Oil.  Trana,  Am. 
Soc.  Mech,  Eng,,  vol.  xxxiii,  pp.  875^-876.     1911. 

Locomotive 

Aston,  R.  GoDrnBT. — Oil-burning  Locomotives  on  the  Tehuantepeo  National  Rail- 
road of  Mexico.  Inst,  Mech.  Engra.,  Dec.  15,  1911.  Iron  and  Coal  Tr.  Rev., 
i    Dec.  22,iJl911.     Canadian  Engr. ,M&y  16,  1912. 

BooATGHBv,  V.  I. — Comparison  of  Petroleum  and  Wood  as  Railway  Fuel.  Zap. 
Kavk.  Old.  Rtteak.  Tekhn.  Obech.,  t.  iii,  p.  251.     1871. 

Engineer,  London. — The  "Closed  Circuit"  Crude  Oil  Locomotive.    Jan.  12,  1912. 

FiTz,  J. — ^Das  Rohdl  als  Heismaterial  fOr  Locomotiven.  Naptha,  bd.  xv,  pp.  485- 
488.     1907. 

Fbixssb,  W. — Rohes  Petroleum  als  Brennmaterial  fOr  Locomotiven.  Polyt.  J%  bd. 
ccxxv,  p.  131.     1877. 

. — Erdolfeuerung   ftir  Locomotiven.    Polyt.  J%  bd.    cdxxxvii,  pp.  30-31. 

1893. 

Greavbn,  L. — Petroleum  Fuel  in  Locomotives  on  the  Tehuantepec  National  Rail- 
road of  Mexico.    Proc.  Inet.  Mech.  Eng.,  1906,  pp.  265-312. 

HoLOEN,  James. — Notes  on  the  Application  of  Liquid  Fu^  to  the  Engines  of  the 
Great  Eastern  Ry.    Inet.  Civ.  Engre.,  No.  3937. 

HoLLowAY,  B.  C— The  Use  of  Oil  Fuel  on  Railways.  Petrol.  Wld.,  March,  1913,  p. 
103. 

McFabland,  H.  B. — Oil-burning  on  Freight  Locomotives.  Caseier'e  Mag.,  vol. 
xxxviii,  pp.  610-617.     1910. 

McIntosh,  j.  F. — ^Locomotives  for  the  Caledonian  Railway  Fitted  for  Burning  Oil. 
Engineering,  April  12,  1912.    Holden  Liquid  Fuel  Injectors. 

Mechanical  Engineer. — 1,000  B.H.P.  Crude  Oil  Locomotive.  (Dunlop  adiabatic 
closed  circuit  air  transmission.)    Jan.  19, 1912. 

Mining  and  Engineering  World. — Railroads  operated  by  Crude  Oil.  May  31, 
1913,  p.  1034. 

Railway  and  Engineering  Review. — Oil-burning  Switching  Locomotives  for  the  Balto. 
&  Ohio  R.  R.    Dec.  28, 1912. 

Railway  Master  AfecAanic.— -Oil-burning  Locomotives.    June,  1912. 

Ryan,  J.  F.-^il  Fuel.    Discussion.    Proc.  S.  and  S.  W.  Ry.  Club,  Sept.,  1912. 

Saintb-Clairs  Devills,  H. — Emploi  de  Thuile  de  p^troie  poiu:  le  chaufifage  des 


locomotives.    Ann.  Sci.  Ind.,  t.  xiv,  pp.  89-92.     1870. 
—  AND  DiBUDONNi,  C. — Ds  Temploi  industriel  des 


huiles  min^ales  pour  le 
chaufPage  des  machines  et  en  particular  des  machines  locomotives.  Compt.  Rend., 
t.  box.  pp.  933-938.     1869. 

Shebdt,  p. — The  Use  of  Fud  Oil  on  the  Southern  Pacific  Railroad.  Amer.  Eng. 
R.  R.  J\  vol.  bcxv,  pp.  207-209.     1902. 

Stbwabt,  J.  L. — On  the  Use  of  Petroleum  as  Fuel  in  Steamships  and  Locomotives, 
Based  on  Its  Emplovment  in  that  Way  on  the  Caspian  Sea  and  in  the  Trans- 
Caspian  Region.     J^l  Roy.  United  Serv.  Inet.,  vol.  xxx,  pp.  927-949,  pi.  xxv. 

SnLLMAN,  H. — ^Locomotive  Practice  in  the  Use  of  Fuel  Oils.     Trans.  Am.  Soc.  Mech. 

Eng.,  vol.  xxxiii,  op.  887-896.     1911. 
SussKAN,  L. — Ueber  Oelfeuening  fOr  Locomotiven.    Ann.  Oewerhe  Bauw.,  bd.  Ixvi, 

pp.  234^237;  bd.  bcvi,  pp.  12-16.     1910. 
Urquhabt,  T. — On  the  Compounding  of  Locomotives  Burning  Petroleum  Refuse  in 

Russia.    Proc.  Inst.  Mech.  Enq.,  1890,  pp.  47-111.  pis.  1-31. 
. — ^Ueber  die  Benutsung  der  Petroleum-Rtlckst&nde  als  Brennmaterial  ftlr 

Locomotive-Feuerung.    Organ  Eisenbahnw.,  n.f.,  bd.  xxii,  pp.  78-79,   113-118; 

bd.  xxiii,  pp.  176-177.     1885,  1886. 

. — Petroleum  Firing  versus  Anthracite  on  Grvazi-Tsaritsin  Railway,  1885. 

. — On  the  Use  of  Petroleum  Refuse  as  Fuel  in  Locomotive  Engmes.    Proc. 


Inst.  Mech.  Eng.,  1884,  pp.  272-330;  1889,  pp.  36-84. 

. — Apparatus  for  Burning  Crude  Petroleum  in  Locomotives.    Engineering, 


vol.  xxm,  p.  9.     1877. 
Veith,  a. — Mineral  Oil  Residue  Fuel  for  Locomotives.     VasiU.  Hajoz.  Hetilap., 

eok.  iii,  Nos.  26-27.    1901. 
Watbbs,  a.  L.— Consumption  of  Fuel  Oil  by  Raibroads.    Min.  and  Eng.  Wld.,  Oct. 

25  1913. 
Wispbk,  p.  -^  Fuel  on  a  State  Railway.    Pet.  Wld.,  vol.  viii,  pp.  133-136.     1911. 
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Marine 

BuERK. — Petroleum  as  a  Fuel  at  Sea.     Iron  Age,  1878,  No.  24,  p.  2. 

Bbbslet,  C. — Die  Verwendung  fltlBsiger  Heizstoffe  fOr  Schifiskeesel.    ZeiUchr,  Ver, 

deuUch.  Ing.f  bd.  xxxi.  1887. 
Cabmichael,  W.  V. — ^Liquid  Fuel  in  Ooeaa  Steamers.    Papers  Shipmaster's  Soc., 

No.  9,  1891. 
CHABBiE.---Substitution  du  P^trole  an  Charbon  pour  la  Propulsion  des  Navires. 

Joum,  Petrel,,  t.  x,  p.  227.     1910. 
Church,  A.  T. — Notes  on  Fuel  Oil  and  Its  Combustion.    Tl  Am,  Soc,  Ncund  Eng.t 

vol.  xxiii.  1911,  pp.  796-831. 
Clark,  N.  B. — Petroleum  as  a  Source  of  Emergency  Power  for  Warships.    Proc. 

U.  S.  Nov,  Inst.,  vol.  ix,  pp.  798-802.     1883. 
DoMOJiROV,  A. — ^liquid  Fuel  for  Ships.    Morsk.  Sham.,  No.  1,  pp.  127-155.    1884. 
Dyson,  C.  W. — Oil  Fuel  for  Destroyers  and  Battleships.     (Abst.  paper  before  Soc. 

Nav.  Archit.  and  Mar.  Engrs.)    Power,  Feb.  4, 1913. 
Edwards,  J.  R. — ^liquid  Fuel  for  Naval  Purposes.    J'l  Am.  Soc,  Naval  Eng.,  vol. 

vu,  pp.  744-764.     1896. 
Engineer,  London, — The  Shallow  Draught  Steamer  Comte  de  Flandre  (Congo  river). 

Dec.  27.  1912. 

.-—Oil  Fuel  in  the  Royal  Navy.    July  25,  1913. 

Engineering. — ^The  WaUsend-Howden  System   of  Oil-Burning  in   Marine   Boilers. 

July  25,  1913. 
Flannert,  J.  F.— On  Liquid  Fuels  for  Ships.     Trans,  Inst.  Naval  Archt.,  vol.  xllv, 

pp.  53-75,  pis.  iii,  iv.     1902. 
FuMANTi,  GitJLio. — Boilers  Fired  with  Liquid  Fuel.     (Trans,  of  paper  read  at  Rome, 

Italy,  Nov.  12,  1912,  tests  made  for  the  Italian  Navy.)     engineering,  Feb.  2, 

1912. 
GooDBNOUGH,  W.  J. — Memorandum  Regarding  Fuel  Oil  aboard  Ships.     Marine 

Engineering,  vol.  viii,  pp.  4-6.     1903. 
Hbnwood,  E.  N.— Liquid  Fuel.    Marine  Eng.,  vol.  viii,  pp.  24-25.     1886. 
Hopps,  J.  H. — Marine  Use  of  Fuel  Oil.    J'l  Am,  Soc,  Mech,  Eng,,  vol.  xxxiii,  pp. 

896-903.     1911. 
Hume,  G. — Oil  Fuel  on  Shipboard.    Trans.  Inst,  Marine  Eng.,  vol.  xix,  No.  137,  p. 

46,  pi.     1907. 
Ienisch,  H.  Kh. — Oil  Fuel  for  Steamers  on  the  Caspian  Sea.    Morsk,  Shorn.,  1876, 

No.  8,  pp.  1-29. 
Kambnski. — Petroleum  Residues  as  Fuel  for  Steamship  Boilers     Zap.  Imp,  Rtask, 

Tekhn,  Ohsch,,  g.  iv.  otd.  2,  pp.  452-456,  pi.     1870. 
Knab,  Ch. — Notice  sur  Temploi  des  combustibles  de  Thuile  mindrale  pour  le  chaufifage 

des  navires  k  vapeur.    Ann.  G4n,  Civil,  t.  vii,  pp.  305-321.     1868. 
Laino,  a. — Oil-burning  on  Board  Ship.    Cassier's  Mag,,  vol.  xxxv,  pp.  141-150. 

1909. 
LovEKiN,  L.  D. — Notes  on  the  Burning  of  Liquid  Fuel.     J*l  Am.  Soc.  Naval  Engrs., 

vol.  xxiii,  pp.  221-247.     1911. 
Magntn,  J.— Le  p6trole  dans  la  Marine.    J'l  Petrol,  t.  viii,  pp.  225-228,  247.    1907. 
Mining  and  Engineering  World. — Oil  for  Water  Navigation.     Nov.  8,  1913. 
MoRPURGO,  G. — Ueber  die  Anwendung  des  fllkssigen  Brennstofifes  "Liquid  Fuel" 

als  Brennmaterial  fUr  die  Schiffe.    Oesterr,  Chem,  Ztg.,  n.f .,  bd.  v,  pp.  553-555. 

1902. 
Orde,  E.  L. — ^liquid  Fuel  for  Steamships.    Proc,  Inst,  Mech,  Eng.,  1902,  pp.  417- 

435,  pis.  42-16. 
Parker,  W. — On  the  Progress  and  Development  of  Marine  Engineering.    Trans. 

Inst.  Naval  Archt.,  vol.  xxviii,  pp.  125-146.     1887. 
Peabody,  E.  H.— Oa  Fuel.    J'l  Am.  Soc,  Naval  Eng..  vol.  xxiii,  pp.  489-499.    1911. 
Petroleum  YF^.— British  Battleship  ''Queen  EUzabeth,"  shaft  h.p.  50,000;  displace- 
ment 27,500  tons.     First  of  its  class.    London,  Nov.,  1913. 
Praetorius,  Dr. — Beitrag   zur  Geschichte  der  Entwickelung   der  Feuerung  mit 

fliissigen  Brennstoffen  auf  Schiffen.    Serial.    Schiffbau.  March  12,  1913. 
Ravensworth,    Earl. — Presidential    Address.     Trans,    Inst.    Naval    Archt.,  vol. 

xxvii,  pp.  27-36.     1886. 
RiGG,  E.  H. — Notes  on  Fuel  Economy  as  Influenced  by  Ship  Design.    Soc.  N(U. 

Archts.  and  Mar,  Engrs.,  Nov.  21,  1912. 
Samuel,  M. — President's  Address.     Trans,  Inst.  Marine  Eng.,  vol.  xvii,  pp.  235-245. 

1906. 


FUEL  OIL  IN  THS  SOUTHWBST  585 

Sklwtn,  J.  H. — Further  Information  on  the  Emplosnnent  of  Mineral  Oils  as  Fuel 
for  Steamships.    J*l  Boy,  United  Serv,  In9t.,  vol.  xii.  pp.  28^3,  pi.  II.     1868. 

.—On  Liquid  Fuel.     Trans,  Inst.  Naval  Archt,,  vol.  ix,  pp.  88-103.     1868. 

. — On  the  Progress  of  Liquid  Fuel.    Trans,  InsL  Naval  Archt,,  vol.  x,  pp.  32- 

46.     1869. 

. — On  Liquid  or  Concentrated  Fuel.    Trans,  Inst.  Naval  Archt,,  vol.  xi,  pp. 

160-174.     1870. 
-. — ^liquid  Fuel  for  Marine  Purpoees.    J^l  Ray,  United  Serv,  Inst,,  vol.  xxix,  pp. 


689-701.     1886. 

Stewabt,  J.  L. — On  the  Use  of  Petroleum  as  Fuel  in  Steamships  and  Locomotives, 
Based  on  its  Emplovment  in  that  Way  on  the  Caspian  Sea  and  in  the  Trans- 
Caspian  Region.  J I  Ray.  United  Serv,  Inst,,  vol.  xxx,  pp.  927-949,  pi.  xxv. 
1886.    See  also  under  Locomotives, 

Stbothbb-Smith,  W. — Comparative  Performances  of  Oil-burning  Torpedo-boat 
Destroyers  on  Trials,  with  some  Observations  on  Oil-burning.  J*l  Am,  Soc. 
Naval  Eng.,  vol.  xxiii,  pp.  412-414.     1911. 

Ultakov,  N.--On  the  Permission  of  Tugs  using  Oil  Residue  Fuel  in  Fishing  Ports. 
Ribinsk,  1879,  36  pp. 

Wilson,  H.  C. — ^Liquid  Fuel  and  Methods  of  Burning  It.  Trans.  Inst,  Marine  Eng., 
vol.  viii,  No.  60,  p.  48.     1896. 

ZuLVER,  C— -Oil  Fuel  for  Marine  Engines  and  Boilers.  Mar.  Eng,  and  Nov,  Archt., 
March,  1913. 

Prevention  of  Scale  in 

VoGT. — ^E^ddl  als  Mittel  gegen  den  Kesselstein.  Jahresb.  Berg-Dampf.  Rev.  Vereins, 
1894. 

Purifying 

Caric,  C. — Petroleum  sum  Kesselreinigen.  Mitth.  Praxis  DampfkessetrDampf- 
masch-Betriebes,  bd.  xxi,  p.  317,  1893. 

Stationary 

Andoitin.  p. — Application  des  hydrocarbures  liquides  (p^trole.  goudron,  huile  lourde) 

a  Tobtention  des  hautes  temperatures  et  au  chauffage  aes  machines  k  vapeur. 

Ann.  Chem.  Phys,,  ser.  4,  t.  xv,  pp.  30-40,  pi.  ii,  1868. 
Bebson,  a.  G. — On  Petroleum  Fuel  for  Boilers.    Uom.  Jum,,  1886,  t.  iv,  pp.  364- 

372;  1887,  t.  i.  pp.  33-46. 
Caldwell,  J. — Electric  Power  Station,  Winding  Gear,  and  Pumping  Plant  of  the 

Tarbrax  Oil  Co.,  Ltd.     Trans.  Inst.  Min,  Engrs.,  vol.  xxxi,  pp.  221-230;  vol. 

xxxii,  p.  102.     1906  and  1907. 
Collins.  B.  R.  T.— Oil  Fuel  for  Steam  Boilers.    J^l  Am,  Soc.  Mech.  Eng.,  vol. 

xxxui,  1911,  pp.  929-965. 
Kermode. — ^liquid    Fuel   Apparatus   for    Water-tube   Boilers.    Engineering,   vol. 

bcudx.  pp.  510-512.     1910. 
Ltne,  L.  F. — ^The  Use  of  Crude  Petroleum  in  Steam  Boilers.     Trans,  Am.  Soc,  Mech. 

Eng,,  vol.  x,  pp.  761-764.     1889. 
Menzin,  a.  L. — Performance  of  a  450  h.p.  Boiler  with  Fuel  Oil.     (Mare  Island  Navy 

Yard.)    Eng.  News,  May  29,  1913. 
Philups,  Wm.  B. — Fuel  Oil  used  under   Stamp  Mill  Boilers,  Shafter,    Presidio 

Coimty,  Texas.    Hauled  in  tank  wagons  48  miles.    E.  and  M,  J%  vol.  xc,  No.  27, 

Pec.  31,  1901. 


Waoner,  H.  a. — Auxiliary  Oil-firing  in  Steam  Boiler  Plants.    Mech.  Eng.,  vol. 

xxviii,  pp.  28-29.     1911. 
Wbtmoxjth,  C.  R.— Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Power 

Plant  having  Steam  Engine  Prime  Motors.     Trans,  Am,  Soc.  Mech.  Eng.,  vol. 

XXX,  pp.  775-796.     1908. 
WiNEBL^  H. — NaphUia  als  Brennmaterial  fCkr  Dampfkesselheizunjg.    Polyt.  Joum., 

bd.  cccxvi,  pp.  782-786.     1901. 
Winter.  £. — Kesselfeuerungen  iHr  flOssige  BrennstofPe.    Allgem.  Oesterr,   Chem. 

Techn.  ZeU.,  bd.  xxvi,  pp.  57-61.     1908. 
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Yaloybtsei,  B.    Water,  Fuel  and  Steam  Boilers,  etc.    Jtsm.  Mimsl,  Put.  Soobaek., 

1879,  t.  i,  pp.  341-352. 
Zangbrls,  M. — Ueber  die  Anwendung  des  Petroleums  mi  Dampfkeesel-Feuerung. 

Kunai.  Geweirbe-Bl,  bd.  liii,  pp.  721-727.     1867. 

Stackefor 

Dunn,  K.  G.— Size  of  Stacks  with  Fuel  Oil.    J'l  Am,  Soc.  Mech.  Eng.,  vol.  xxxiii, 

p.  886.     1911. 
^yEYMouTH,  C.  R.— Dimensions  of  Boiler  Chimneys  for  Crude  Oil  at  Sea-level,  etc. 

/'/  Am,  Soc.  Mech,  Engrs.,  October,  1912. 

BURNBBS 

Efficiency  of 

WooDBURT,  C.  J.  H. — On  the  Relative  Efficiency  of  Kerosene  Burners.    J'l  Frank, 
InaL,  vol.  xcvi,  pp.  116-117.     1873. 

MisceUaneoua 

BicKFORD,  J.  S.  V. — Petroleum  Vapor  Burners.    Horselees  Age,  vol.  ix,  pp.  63^-635. 

1902. 
Engineering  and  Mining  TL— The  StilU  Fuel-oil  jBumer.    Jan.  25,  1913,  p.  232. 
Froom,  G.  B. — Oil  Burners  as  used  on  the  River  Volga.     Trane.  Inst.  Marine  Eng,, 

vol.  ix,  No.  67,  p.  50.     1897. 
FueU)a  J7.— Hammel  Burners.    Vol.  iii,T»fo.  5,  p.  32e,  May,  1913. ^^ 
Kalb,  C.  db. — ^A  Simple  Oil-burning  Equipment.    E,  and  M,  J%  vol.  Ixxxi,  p.  74, 

1906. 
"Liquifubl"  Enqinberinq  h  Construction  Co.,  Pittsburg,  Pa. 
Mbidingbr.— Oil-burners,  Round  and  Flat.    Bad,  GewerbezeU,  1876. 
Ordb,  E.  L. — ^liquid  Fuel  Burner.    AtUomot,  Joum,,  vol.  iv,  p.  386,  1900. 
Peabodt,  E.  H. — Mechanical  Oil  Burners.    (Abst.  of  paper  before  Soc.  Nav.  Archt 

and  Mar.  En^s.)    Eng.  Newe,  May  15,  1913,  p.  1000. 
Shblby,  C.  F. — Oil  Burners  for  Reverberatory  Furnaces.    E,  and  M,  J%  voL  Ixxxix, 

pp.  31-32.     1910.    See  also  under  Furnaces. 
Sibmaschko^  I.— a  Type  of  Burner  for  Solar  Oil.    Zap,  Imp,  Russk.  Tekhn.  Obech.^ 

g.  xxviii.  Sept.  Trudi.  pp.  24-32,  pi.  1894. 
Stiltz,  H.  B. — Suggestion  for  a  Fuel-oil  Burner.    Power ^  vol.  xxxii,  pp.  166-167. 

1910. 
Tate-Jonbs  k  Co.,  Pittsburg. — Appliances  for  Burning  Fuel  Oil.    Pamphlet. 

.—Circular  No.  142,  August,  1913. 

Trbumann,  J. — Burners  for  highly  Carbonized  Oils.    Protok.  Si.  PeUreh,  Pdyt,  Ver. 

1884. 
Vasilbv,  a.  K. — Apparatus  for  Burning  Petroleum.    Zap.  Imp.  Rtisek.  Teckkn. 

Obech^  Aug.-Sept.,  pp.  66,  13  pis.     1889. 
Watson,  E.  P.— OQ  Fuel  and  Oil  Burners.     Iron  Age,  May  8,  1902. 
Weymouth,  C.  R. — Furnace  Arrangements  -for  Fuel  Oil.     Trans.  Am.  Soc.  Mech. 

Eng.,  vol.  xxxiii,  pp.  879-882.     1911. 

Composition 

Albrecht,  a. — ^Ueber  die  Qualit&t  des  amerikanischen  Petroleum;  Kalifornisohes 

und  gaUzsisches  Petroleum.     Industr.  Blait.Ayd.  xvi.  p.  170.     1879. 
Alexieev,  V. — Russian  Petroleum.    See  under  Heating  rower. 
Allen,  I.  C,  and  Jacobs,  W.  A.  — Physical  and  Chemical  Properties  of  the  Petroleums 

of  the  San  Joaguin  Vall^,  California.    Bur.  Mines,  Washington,  BvU.  19, 1911. 
Arnold,  R. — Physical  and  Cnemical  Properties  of  Southern  California  Oik.    BtUL 

U.  S.  Q.  S.,  No.  309,  pp.  203-205.     1907. 
Becker. — Ueber  amerikanisches  und  russisohes  Petroleum.    ZeiUckr.  angew.  Chem.^ 

bd.  vii,  pp.  216-221.     1894. 
Beilstein.  F.  F.,  and  Kurbatow,  A. — Ueber  die  Natur  des  Kaukasischen  Petroleums. 

Ber.  deiUach  Chem.  Oes.,  bd.  xiii,  pp.  1818-1821;  bd.  xiv,  pp.  1620-1622.    1880 

and  1881. 
. — Ueber    die    KohlenwasserstofPe    des    amerikanischen    Petroleums.    Ber. 

deuUch.  Chem.  Oee.,  bd.  xiii,  pp.  2028-2029.     1880. 
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Bbrthblot,  M.  p.  E. — Recherches  sur  lea  ^tats  du  earbone.    Ann,  Chim,  Phy9., 

t.  xix,  pp.  392-427.     1870. 
BiEL,  J. — Untersuchungen  Amerikanischer  und  Riissicher  Petroleumsorten.    Polyi. 

Joum,,  bd.  ccxxxiii,  pp.  354-363,  1882.    See  also  Pharm,  Zeitsckr.  RussL,  bd. 

xvii,  pp.  12^139;  bd.  xviii,  pp.  162-169,  194-202.     1878,  1879. 
Blanchbt,   R.,  and  Sell,   E. — Die  Zusammensetiung  einiger  organischer    Sub- 

stanzen.    Ann,  Chem,  Pharm.,  bd.  vi,  pp.  259^13.     1833. 
Blabs,  J.  C. — Geschichte,  Industrie  and  uhemische  Zvisammenaetaung  der   ameri- 
kanischer Petroleums.    Arch.  Pkarm,,  bd.  cxci,  pp.  60-67.     1870. 
Blount,  B. — The  Composition  of  Commercial  Petrols.    Proc,  Inst.  Antamoh.  Eng,, 

n.8.,  vol.  iii,  pp.  301-324.     1909. 
BoLLBY,    p.    A.--Chemisch-tecknische   Untersuohungen   Uber   das   Amerikanische 

Petroleum.    Schweiz,  PoLyi,  ZeU9chr,A>d,  viii,  pp.  96-102.     1863. 
BouBQonoNON,  A. — Petroleum  and  its  Examination.    J*l  Am,  Chem,  Soc.,  vol.  i, 

pp.  188-204.     1879. 
BouBBiNGAULT,  J.  B.— Sur  la  oomposition  des  substances  mindrales  combustibles. 

Ann,  Chim,  Phys,,  s6r.  5,  T.  xxix,  pp.  363-392.     1883. 
BuTLEROW,  A.  I.,  and  Zinina, — .  — Problem  of  the  Spontaneous  Ignition  of  Petroleum. 

Morsk,  Sbom.,  1871,  No.  8,  pp.  21-23. 
Calmel,  a. — ^Etude  des  propriety  physiques  des  huiles  brutes.    Jaum,  Petrel,, 

t.  ix,  pp.  242-245,  258,  261;  t.  x,  pp.  2-4.  21,  37,  51-53.     (1909  and  1910.) 
Calvbt,   — .,  — Desyignex, — Ouilbert,   GxnsELiN    A.  and   Tabsilt,  E. — Unifi- 
cation des  Methodes  d'Essai  des  P^troles.       Compi,  Rend,   Congr,  Internal, 

PStroU,  sess.  3.  t.  ii,  pp.  805-807.     1910. 
CoATES,  C.  E. — Tne  Series  CnHsn-t  i^  Louisiana  Petroleum.    J*l  Am,  Chem,  Soc,, 

vol.  xviU.  pp.  384-388.     1906. 
CoATES,  C.  £.,  and  Best,  A. — The  Hydrocarbons  in  Louisiana  Petroleum.    J'l  Am, 

Chem,  Soc.,  vol.  xxv,  pp.  1163-1158,  1903.  and  vol.  xxvii,  pp.  1317-1321.  1905. 
CoNSTAM,  E.  J.,  and  Schlapfer,  P. — Ueber  TreibOle.    Serial,  Zeit,  dee  Ver,  deutscher 

Ing,,  Sept.  20,  1913.  ^ 

Cooper,  A.  S. — Some  Chemical  and  Physical  Characteristics  of  California  Petroleum. 

Am,  Gae,  lAafU  J%  vol.  Ixxiii,  pp.  282-285.     1901. 
Horeeleee  Aae, — The  physioal  Properties  of  Gasoline  and  Kerosene  (based  on  Article 

by  L.  Berger),  April  23,  1913. 
Mabbrt,  C.  F.,  and  Buck,  D.  M. — On  the  Hydrocarbons  in  Heavy  Texas  Petroleums. 

J'l  Am.  Chem.  Soc,  vol.  xxii.  1900,  pp.  553-556. 
Mabery,  C.  F. — Composition  of  Texas  Petroleum.    J*l  Am,  Chem,  Soc.,  vol.  xxiii, 

.  1901,  pp.  264-267. 
Marcusson.  J. — Untersuchungen  ueber  die  Zusammensetzung  der  hochsiedenden 

Mineraldle.    Chem,  Ztg.,  May  1,  1913,  p.  533. 
and  ViELiTZ,  C. — ^Untersucnungen  ueber  die  Zusammensetzung  der  hoch- 
siedenden Mineraldle.    Chem,  Z^^  May  6,  1913,  p.  550. 
Patterson,  W.  H. — ^The  Chemical  Examination  of  Liquid  Fuels.    Chem,  Engr., 

Sept.,  1913. 
Phillips,  Wm.  B.— Texas  Petroleum.    Btdl.  No.  1,  Univ.  Tex.  Min.  Surv.,  1901. 
and  Worrell,  S.  H.— The  Fuels  Used  ia  Texas.    Btdl.  307,  Bur.  Ec.  Oeol. 

and  Techn,,  Univ.  Tex.,  Dec,  1913. 
Weinwurm,  S. — Relation  of  Flashing  and  Combustion  Temperatures  of  Mineral 

Oib.    Mitth.  Chem.  Inet.  Techn.  Unters.  Wien.,  1892. 
White,  Chab.  H. — Results  of  a  Test  of  Beaumont,  Texas,  OU.    Rep.  Nat.  Res.  Tex., 

Merch.  Assoc,  of  N.  Y.,  1901. 
YouNO,  S. — Composition  of  American  Petroleum.    J'l  Chem.  Soc.,  vol.  Ixxiii,  pp. 

905-920.     1898. 

Converters 

Rowntree,  W.  B. — Use  of  Crude  Oil  in  Converters.    E.  and  M.  J'l,  vol.  Ixxxiv,  p. 
639.     1907. 

Engines 

A.  E.  0. 

Mechanical  Engineer.— The  A.  E.  G.  Oil  Engine.     Aug.  8,  1913.. 

Saracbni,  Igino. — Mootri  a  combustione  interna.    /ndiM^rta,  Aug.  10,  1913. 
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Atlcui'Dieael 

Sargent,  C.  E. — Tests  of  the  Atlas  Crude  Oil  Engine.     New  Diesel  Type  Engine. 
Iron  AgCf  vol.  Ixxxviu,  pp.  584-585.     1911. 

AtUomohile  Engines 

Anderson,  R.  W. — An  Examination  of  the  Characteristic  Flow  of  Fuel  through  a 

Small  Orifice.    Soc.  Auto.  Ensrs.,  June,  1913. 
Auto  Journal, — Synthetic  Petrol,  ^rial.     March  8,  1913. 
AtUomohile, — French  Kerosene  Motor  for  Automobile.     March  20,  1913. 

. — Motor  Spirit  to  Solve  Fuel  Problem  for  the  Passenger  Car.     Feb.  27,  1913. 

Bauschlicher,  August. — Brennstoffe  ftir  Explosionsmotoren,  ihr  Vorkommen  und 

ihr  thermodynamisches  Verhalten.     Motorwagenf  April  30,  1913. 
BucHNER,  Karl. — Betrachtungen  zur  Benzolfrage  mit  besonderer  Beriicksichtungen 

der  Spritzvergaser.    Zeil.  dee  Mitt,  Motor  Ver,,  April  30,  1913. 
Clouoh,  Albert   L. — The  Use  of   Gasoline-Kerosene  Mixtures.    Horseless  Age, 

April  23,  1913. 
Critchlet,  J.  S. — The  Fuel  Question.    Pres't  Address  Inst.  Auto.  Engrs.    Horeslm 

Age,  Oct.  22,  1913. 
Dieterich-Helfenberg,  K. — Benzin  und  Benzol.    Zeil.  d,  MiU.  Moiorwagen  Ver., 

Oct.  15,  1912. 
Emerson,  Harrington. — Kerosene  and  the  Important  Factors  in  its  Combustion. 

Horseless  Age,  April  2,  1913. 
Engineering, — Sources  of  Motor  Fuel.     Review  of  papers  read  at  Imperial  Motor 

Transport  Conference.    July  25,  1913. 
Grebel,  a. — he  probl^me  de  carburant  pour  les  moteurs  d'automobiles  et  les  petits 

moteurs  agricoles  ou  industriels.    Ginie  Civil,  June  14,  1913. 
Jaenichen,  Ernst. — Das  Benzol  und  seine  Verwendung  fur  den  Betrieb  von  Krafi- 

fahrzeugen.     Auto  Runschau,  June  30^913. 
Morris,  H.  A. — Will  the  Automobile  be  Driven  by  Kerosene?    <S>ct.  Am,,  Jan.  11, 

1913. 
Orkanbt,  W.  R. — ^The  Del  Monte  Process  (smokeless  fuel).    Autocar,  April  12, 1913. 

. — Motor  Fuels.    Autocar,  March  1  and  22,  1913. 

Pope,  N.  B.— Low  Grade  Fuel  for  Motor  Trucks.    S.  A,  E,  Bull,,  Jan.,  1913. 

. — Gasoline  and  its  Future.    S.  A,  E,  Bull,,  Feb.,  1913. 

. — ^Low  Grade  Fuel  for  Motor  Trucks.     Automobile,  Jan.  23,  1913. 

Potter,  A.  E. — ^Liquid  Motor  Fuels.    S,  A.  E.  BuU.,  April,  1913. 

Redwood,  Sir  Boverton,  and  Lewes  Vivian  B. — Fuel  for  Motor  Vehicles.    Abst. 

of  paper  on   "Petrol   Substitutes.*'    Imperial   Motor  Transport  Conference. 

Col.  Guard.,  July  25,  1913. 
Scientific  American. — Gasoline  and  its  Substitutes.     March  22,  1913. 
Secor,  John  A. — Kerosene  Engines.    S.  A.  E,  Bull.,  March,  1913. 

. — The  Waning  Supply  of  Gasoline.    Sci,  Am,  Sup,,  April  26,  1913. 

Slauson,   Harold   WmTiNG. — Solving  the  Fuel  Problem  tor  the  Motor  Truck. 

Mach.,  N.  Y.,  Oct.,  1913. 
Tipper,  Harrt. — Motor  Fuels.    S.  A.  E.  Bull.,  April,  1913. 
Walpord,  Eric  W. — Notes  on  Paraffin.    Autocar,  April  19,  1913. 

Bolinder 
Engineering. — Bolinder's  Crude-oil  Engine.     April  18,  1913. 

deLa  Vergne 

Towl,  F.  M. — Test  of  an  85-h.  p.  de  La  Vergne  Oil  Engine.    J'l  Am.  Soc,  Mech, 
Engrs.,  Nov.,  1911. 

Diesel 

Allner,  W. — Use  of  Tar  in  Diesel  Engines.    Joum.  Gas  Light^ol.  cxv.  p.  106, 1911. 
Booth,  W.  H. — What  Oil  will  do  in  the  Internal  Combustion  Engine  of  Diesel  Type. 

Petrol.  Rev.,  vol.  xxv,  pp.  97,  145-146.     1911. 
Bright,  D.  M. — The  Application  of  Diesel  Engines  to  Land  and  Marine  Work. 

Can,  Engr,,  Nov.  7,  1912. 
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BiTKOw  and  Dobbelstein. — ^Unterauchung  eines  mit  Teerdl  betriebenen  480  P.  S 

Dieselmotors.    GbUckaufy  June  22,  1912. 
Garels,  Gaston  L. — The  Develonment  of  the  Diesel  Internal  Gombustion  Engme. 

Ccts8ier*s  Mag.,  London.  Marcn,  1913. 
Glark,  H.  a. — The  Diesel  Engine.    Proc.  Inat,  Meek,  Engrs,,  1903,  pt.  3,  pp.  395-455. 
Diesel,  Rudolph. — The  Diesel  Oil  Engine  and  its  Industrial  Importance,  Particularly 

for  Great  Britain.    Inat,  Meek,  Engrs^  March  15,  1912. 
. — The  Present  Status  of  the  Diesel  Engine  in  Europe,  and  a  few  Xteminisoences 

of  the  Pioneer  Work  in  America.    J*l  Am.  Soc.  Meek.  Engrs.,  June,  1912. 
DoRNiG,   Mario. — ^L'importanza  attuale  e  rawenire  dei  motori  Diesel.    Monit. 

Tec.,  June  20,  1912. 
Eledricai  Review,  Lcmdon. — Notes  on  the  Maintenance  of  the  Diesel  Engine.    April 

19,  1912. 
. — Water  Supply  for  Internal  Gombustion  Engines  (600  h.  p.  Diesel).    Aug.  1, 

1913. 
Elekirotechnische    und    Polytecknieche    Rundshau.     Weltausstellung    Gent.    Serial. 

Aug.  21,  1913. 
Engineer,  London. — Horizontal  Diesel  Engines  at  the  Kingston  Electricity  Works. 

Oct.  3,  1913. 

. — New  Generator  for  Diesel  Engines.    Sept.  19,  1913. 

. — An  Interesting  Small-powered  Diesel  Motor.     March  14,  1913. 

. — The  Diesel  Engine  in  America.     Aug.  22,  1913. 

. — ^The  John  Samuel  White  Diesel  Engine.    June  6,  1913. 

Engineer,  London. — Some  Stationary  British  Diesel  Engines.     May  9,  1913. 

.—The  F.  I.  A.  T.  Diesel  Motor.     May  31,  1912. 

Engineering. — Diesel  Engine  Gylinder  Dimensions.     Sept.  26,  1913. 

. — Diesel  Engines  at  the  Turin  Exposition  (engines  built  by  Sulzer  Bros.). 

March  8,  1912. 
-. — Four  Gylinder  Four-cycle  Diesel  Engines.     May  24,  1912. 
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Gruszkiewicz,  J. — Das  Rohdl  in  seiner  Verwendung  fdr  Dieselmotoren.     Naphla, 

bd.  xvi,  pp.  131-132.     1908. 
Haas,  Herbert. — Principles  of  the  Diesel  Oil  Engine.    E.  and  M.  J%  April  26,  1913, 

p.  843. 
Hake,  W.  B. — Die  Entwickelung  und  Bedeutung  des  Rohdlmotorsystem  (Diesel). 

Petrol.  ZeiUchr.^d.  vi,  pp.  945-946.     1911. 
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Ver.  deiUsch.  Ing.,  bd.  li.  pp.  521-527.  581-586.     1907. 
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Pfleiderer,  R.  a. — New  Diesel-driven  Pumping  Installation  at  Rugby  Water 
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Rath,  Herr. — Teer  und  TeerOl  als  Treibmittel  fUr  den  Dieselmotor.    Gluckauf, 

June  22,  1912. 
RoTi>B,  R.,  and  J.  W.  Gamfbell. — The  Oil  Consumption  and  Mean  Effective  Pressure 

of  Diesel  Engines.    Engr.,  Lond.,  April  11,  1913. 
RussEL,  Paul  H. — Diesel  Engine  Design.     Mech.  Wld.,  June  28,  1912. 
Rtb,  a.  N.— Gas  and  Oil  Engines  for  Electric  Supply  Stations.     Elec.  Rev.,  Lond., 
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Sankbt,  H.  Riall. — Heavy  Oil  Engines.  (Diesel),    Jour,  Soc,  of  Aria,  Oct.  4,  1912. 
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Sauvaqb,  R— Le  Moteur  Diesel.    Rev.  OSn.  des  Sciences,  Oct.  30,  1912. 
ScHUBBLBB,  F.— Modem  Diesel  Oil  Engines.    Electrician,  vol.  Ixviii,  pp.  662-663. 

SowTBB,  Wm.  J.  A.— -The  Diesel  Engine  from  the  User's  Standpoint.     (Abst.  paper 
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Wm,  AniB.— Les  Vingt  Aus  du  Moteur  Diesel.     Tech.  Mod.,  Aug.  1,  1913. 
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und  Anwendungsgebiete.    July  19,  1913. 

Semi-LHesel 

Engineer,  London. — Two-cycle   "Semi-Diesel"   Engine.     (Petters   three  cylinder.) 
Aug.  15,  1913. 

Folk,  Keroeene 
WiLB,  H.  D.— Test  of  a  Kerosene  Oil  Engine.    Elec.  Wld.,  Aug.  23,  1913. 

Junkers 

Bakbb,  Joseph  B. — ^The  Junkers 

per  cylinder  for  utilizing  cheapest 

Ebic,  H. — ^Le  moteur  "Junkers"  k  con ,  _  _ 

JuNQB,  F.  E.— The  Junkers  OQ  Engine.    Power,  Jan.  23,  1912. 
Scientific  American  Supplement. — ^The  Junkers  £2ngine.     March  2,  1912. 

Langen  and  WaHf 
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Leyland 
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McKechnie 
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McKechnie  engine).    Jan.  12,  1912. 

Numberg  Two-Cycle 
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Stdzer-Diesel 
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Mebiam,  J.  B. — ^The  Relative  Economy  of  Gas  Engines  and  Other  Sources  of  Power. 
J'l  Cleodand  Engng.  Soc.,  Dec,  1911. 

Efficiency  of 

Callendab,  H.  L. — The  EfiFect  of  Size  on  the  Thermal  Efficiency  of  Motors.  Proc. 
Inst.  Automob.  Eng.,  n.  s.,  vol.  i,  pp.  223-292,  1907. 
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Wbntworth,  J.  F.— The  Efficiency  of  the  Marine  Oil  Engine.    Mar.  Engng.,  vol.  ix, 
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Engineering.^The  Canadian  Padfic  Railway's  Oil-fuel  Burning  T-S.  8.  "Princess 
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-.—The  Ocean-going  Oil-eng^ned  Ship  "Sembilan."    March  15,  1912. 
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Oct.  3,  1912.    See  also  Fuel  OU  Tl,  vol.  iii,  No.  3,  p.  54,  March,  1913;  and  vol. 
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Pabsonb,  Sir  Charles  Algernon. — Presidential  Address.     Trans.  N.  E.  Coast  Inst. 

cf  Engrs.  and  Shipbldrs.,  Nov.,  1912. 
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rington and  Mayrant.    Jaum,  Am.  Soc.  Nao,  Enars,,  Nov.,  1911. 
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(300  h.  p.,  4-cylinder  oil  engine  for  the  experimental  tug-boat  "Schlepp.")    May 
11,  1912. 
SoMMER,  AiAERT. — Petroleum  as  a  Source  of  Power  for  Ships.    J'l  Am.  Soc.  Nov. 

Engra.,  Nov.,  1912. 
Thorntcroft,  J.  I. — Internal  Combustion  Engines  for  Marine  Purposes.     Cassia's 
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TiMPBON,  F.  M. — Oil  Jblngines  for  Marine  Purposes.     Trans.  Inst.  Marine  Eng.,  vol. 
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WiLDT,  O.  H. — Moteur  k  huile  lourde  "Kromhout"  k  Chambre  de  Combustion  in- 

candesoente.    GSn.  Civ.,  Feb.  1,  1913. 
Younger,  A.  S. — Development  in  Marine  Engines  since  1880.    Mech.  Engr.,  Sept. 

12,  1913. 

Brans,  Marine 

Engineering. — Internal-Combustion  Engines  for  German  Fishing  Boats  (the  Brons 
engine).     March  1,  1912. 

Diesel,  Marine 

Atkins,  A.  K. — Diesel  Engines  for  Naval  Purposes.    Proc.  U.  S.  Navai  Inst.,  June, 
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Brakel,  F.  Muller  van. — Performance  of  Notable  Sea-going  Diesel-eneined  Vessels 

(cargo  boat  Vtdcanus).    Int.  Mar.  E.ng.,  Sept.,  1912.     (Comp.  Wildt^  O.  H.) 
Canadian  Engineer. — ^A  New  Canadian  Oil-engined  Ship,  the  "Fordonian."    Jan. 

23,  1913. 
Cea,  M.  B. — The  First  Trans-Atlantic  Diesel  Liner  "Sedandia."    Cassier^s  Mag., 

Oct.,  1912. 
CoLELL,     Richard. — Die    Wirtschaftlichkeit    der     Dieselmotorschi£fe.    SchiffbaUf 

April  24,  1912. 
*Davi80n,  G.  C. — Heavy  Oil  Engines  for  Marine  Propulsion.     (Otto  and  Diesel  cycles.) 
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Drosne,  M. — ^La  Propulsion  des  Navires  de  Combat.     (Diesel  moteur.)     1st  part. 
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DuMANCis,  P. — Application  des  moteurs  Diesel  aux  Navires  de  guerre.     Tech.  Mod., 
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. — The  Starting  of  Diesel  Marine  Engines.    Jan.  10,  1912. 
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— . — ^A  New  Marine  Diesel  Engine.     (500-h.  p.,  two-cycle.)    April  19,  1912. 

— . — German  Motor  Notes.     (Diesel  Marine  Motors.)     Oct.,  1912. 

■The  "Monte  Penedo's"  Engines.     (Sulzer  two-cycle  Diesel.)    Sept.  6, 


1912. 
Engineering. — 100-shaft-horsepower   Reversible   Diesel   Marine   Engine.     Feb.    16, 
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. — Oil-tank  Steamer  Driven  by  Diesel  Engines.     April  19,  1912. 

. — The  German  Motor-driven  Ship  "Monte  Penedo    (South  American  Service. 

Two  4-Cylinder  Reversible  Two-cycle  Diesel-Sulzer  engines.)     Sept.  6.  1912. 
. — The  Twin-screw  Motor  Ship  "Selandia."     Engr.,  London,  Marcn  8,  1912. 


See  also  Fuel  Oil  J'l,  vol.  ii.  No.  3.  p.  52,  Sept.,  1912. 

— .—The  Oil-engined  Ship  "Fordonian."    Dec.  13,  1912. 

— .—The  Italian  Tugboat  "Savoia."     Pec.  6,  1912. 
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Flannebt,  J.  FoRTBSCTTE. — Diesel  Engines.    Marine  Adv.,  Feb.,  1912. 
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GouKiBT,  M.— Le  ^Selandia"  et  le  "  Jutlandia."    G^ie  Cunl,  Nov.  30,  1912. 
HoDQiNS,  G.  S. — Diesel  Ensines  for  Ocean  Ships.    Marine  Rev.,  April,  1912. 
Int.  Marine  Engineering. --^iist  Long  Voyage  of  Motor-ship  "fiavestone."    Feb., 
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Kaemmerbr,  W. — Die  Vendung  vom  Dieselmachinen  sum  Antrieb  von  gt^aa&ren 

See-schiffen.     His.  Serial,  Ist  part.    ZeiUchr.  dee  Ver.  deuUch.  Ing.,  Jan.  20, 1912. 
EmmsEN,  G. — Results  of  Trials  of  the  Diesel-engined  Sea-going  Vessel  "Selandia." 

Inst.  Nav.  Archt.  and  Engng^  April  5,  1912. 
Enudsen,  I. — Performance  on  Service  of  the  Motor-ship  "Suecia."    Mech.  Engr., 

Jime  27,  1913. 
Marine  Engineering. — ^The    First    American    Built    Diesel    Engined    Oil   Barge. 

(300  h^.  eiMjine  for  a  200-ft.  steel  motor  baree.)     March,  1912. 
. — Tne  Koreiwo  Clutch  for  the  Diesel  Marine  Ebigine  Installations.    Feb., 

1912. 
Marine  Review. — Motor-driven  Ship  "Fordonian."    July,  1913. 
Mn/roN,  J.  T. — ^The  Diesel  Engine  for  Marine  Power.    Qae  and  Oil  Power,  vol.  vi,  pp. 

15^162,  183-187.     1911. 
. — Diesel  Engines  for  Sea-going  Vessels.     Trane.  Inst.  NawU  Archt..  vol. 

liii,  op.  53-102.  pi.  i.     1911. 
Olson,  Olb  K. — ^Tne  Diesel  Engine  as  Motive  Power  in  the  Merchant  Marine,  with 
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Obdb.  E.  h. — Tlie  Diesel  Oil  Endne  Geared  Turbine,  and  Suction  Gas  Engine. 
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Engr.,  April  12,  1912. 
Power. — f^rst  Amencan-built  Marine  Diesel  Engines.    June  3,  1913. 
Schijfbau. — Dopi>elBchrauben-Motorfrachtschiff,   ''Monte  Penedo,"  der  Hamburg- 

SQdamerikanischen  Dampf-schiffs  Gesellscnaft.    Sept.  25,  1912. 
Shaknon,  D.  M. — Some  Aspects  of  Diesel  En^e  Design.     Mech.  Engr.,  May  3, 
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. — Sulle  stato  attuale  dell'  applicazione  dei  motori  Diesel  alia  marina.    Rivista 
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Vebloop,  J.  H.  H. — De  Toepassing  van  Dieselmotoren  aan  boord  van  seeschepfen. 

De  /n^enieur,  Oct.  7,  1911. 
WiLDT,  O.  H. — L'Emploi  du  Moteur  Diesel  k  la  propulsion  des  Navires  de  haute  mer. 

(1900  ton  tank-ship  "Vulcanus.")    G4n.  Ci».,  July  20.  1912. 
Wilson,  J.  Rendell. — ^Large  Russian  Vessels  Propelled  oy  Diesel  Engines.    Inst. 

Mar.  Engng.,  Jan..  1912. 
-. — Russian  Hign-speed  Marine  Diesel  Engines.     (Vertical  tyi>e,  180-h.p., 


weighs  33  lbs.  per  h.p.)  Int.  Mar.  Engng.,  July,  1912. 
— . — The  Semi-Diesel  Heavy  Oil  Engme.  Marine  Re 
— . — Diesel  Engines  in  Whalers.    Mar.  Rev.,  May,  1912. 


. — The  Semi-Diesel  Heavy  Oil  Engme^    Marine  Rev.,  Oct.,  1912. 

Lgines  in  Whale 
. — Success  of  the  First  Large  Diesel-motor-driven  Motor.    Int.  Mar.  Engng. 


April,  1912. 

Zeitschrijt  des  Ver.  deutsch.  Ing. — Die  Maschinen  des  Diesel-schiffes  "Monte  Penedo." 
Sept.  21,  1912. 

CareiS'Diesel,  Marine 

Engineering. — The  Carels-Diesel  Marine  Engine.    Jan.  19^  1912. 
Marine  Engineering. — Motorship  "Eavestone"  fitted  with  Carels-Diesel  Engines. 
Oct,  1912. 

CardS'Tecklenberg-Diesel,  Marine 

Engineer,   London. — Motor-ship   "Rolandseck."     Nov.    22,    1912;  Deo.    13, 1912, 
and  Aug.  22,  1913. 
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Kaemmeber,  W.— Das  Dieselachiff  "Rolandseok."    Zeit,  d.  Ver,  deutscher  Ing.,  Jan. 

4,  1913. 
Wilson,  J.  Rbndbll.— Single  Screw  Motor-ehip  of  1600  h.p.,  the  "RolandaedL" 

Mar,  Engng.f  March,  1913. 

Semi-Dieself  Marine 

Engineer,  London. — 20-h.p.  Marine  Oil  Engine.     June  20,  1913. 
Engineering.— Semi-meael  Eneine  on  the  Yacht  "  Mairi."     Feb.  23,  1912. 
Marine  Review. — Motor-ehip  *Usleford."     Aug.,  1913. 

Djinn,  Marine 
Engineer^  London. — ^23-h.p.  Djinn  Petroleum  Marine  Engine.     March  7,  1913. 

Junkers,  Marine 

Engineering. — The  Junkers  Marine  Oil  Engine.     Nov.  24,  1911. 
Marine  Engineering. — The  AppUcation  of  the  Junkers  Oil  Engine  to  Marine  Work. 
July,  1912. 

MariaUif  Marine 
MARiom,  Enrico. — Heavy-oil  Marine  Engines.    Industriaf  Jan.  6,  1912. 

"  Monobloc,'*  Marine 
Engineering. — 10-h.p.  "Monobloc"  Marine  Oil  Engine.    Aug.  16,  1912. 

Nuremberg,  Marine 
Engineering. — ^The  Nuremberg  Marine  Oil  Engine.    Feb.  9,  1912. 

OUo,  Marine 

Davison,  G.  G. — Heavy  Oil  Elngines  for  Marine  Purposes.     (Otto  and  Diesel  cycles.) 
Soc.  Nav.  Archt8.  and  Mar.  Engra.,  Nov.,  1911. 

Sulzer-Diesd,  Marine 

Dantin,  Gh. — ^Les  Moteurs  Sulzer-Diesel  a  Deux  Temps  du  Gargo  "  Monte  Penedo." 

G4nie  CivU.  Oct.  26,  1912. 
Engineer,  London. — The  Motorship  "Monte  Penedo."     (Sulzer  two-cycle  Diesel 

engines.)     Aug.  30,  1912. 

.—The  Motor-ship  "  Monte  Penedo."    Sept.  12,  1913. 

Wilson,    J.    Rendell.-— Sulzer-Diesel-engined   Ship   for   New   York-Rio  Service. 

(Twin-screw,  6500  tons,  "Monte  Penedo.")     Engng.,  Oct.,  1912. 
ZeU.  d.  Oeet.  Ing.  u.  Arch,  Ver. — Die  Sulzer-Maschinen  des  Dieselschiffes  "Monte 

Penedo."    Oct.  4,  1912. 

Sulzer,  Marine 

Mechanical  Engineer. — ^Two-stroke  Gyde  Gontinuous  Gombustion  Oil  Engines  for 
Ships.     Feb.  21,  1913. 

Werkspoor  Motor,  Marine 
Engineer,  London. — The  Emanuel  Nobel.     March  28,  1913. 

Williamson,  Marine 
Engineer,  London. — An  Oscillating  Marine  Motor.     Feb.  21,  1913. 

Miscellaneous 

• 

Abland,  W.  E. — A  Petroleum  Motor.    JH  Frank,  /rwf.,  vol.  IxxxviiiLp.  87.     1874. 
Allen,  Irving  C. — Heavy  Oil  as  Fuel  for  Internal  Gombustion  JEIngines.    Teehn. 

Paper  37,  Bur.  Mines.  Washington.  1912.     JH  Elec,  Pet.  and  Gas,  July  26, 1913. 
Arnold,  B.  H. — Fuels  ana  Lubricants  lor  Intemal  Gombustion  Engines.    Gen.  Elec. 

Rev.,  Oct.,  1913. 
Austin,  E. — The  Internal  Gombustion  Engine  and  Petroleum:  A  Griticism  and  a 

Suggestion.    Petrol.  Rev.,  vol.  vii,  pp.  445,  473.     1902. 
Autocar.— A  Paraffin  Gas  Producer.    April  20,  1912. 
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Bang,  Labzlo. — Oil  Engines  in  a  Hungarian   Municipal  Power   Plant.    Power, 

April  16,  1912. 
Bbaumont,  W.  W. — Oil  Engines  for  Agricultural  Purposes.    Joum.  B'd,  Agric.,  vol. 

X,  pp.  435-460.     1904. 
Berndt,  O. — Die  Erddlmotoren  auf  der  intemationalen  Ausstellung  ftir  Bftckerei, 

Konditorei  und  verwandte  Gewerbe  su  Mains  im  August,  1893.    Zeitsckr.  Ver, 

deuUch,  Ing.y  bd.  xxxviii.  pp.  195-198,  215-219.     1894. 
BiCKERTON,  H.  N. — Gas,  Oil  and  Petrol  Engines.    Qw  and  OH  Eng.  Rec,,  vol.  ii,  pp. 

250-251,  274-275.     1906. 
Brewer,  R.  W.  A. — liquid  Fuel  for  Internal  Combustion  Engines.    Gm  and  Oil 

Eng,  Rec.f  vol.  v,  1907. 
Bt^CHi,  Alfred. — Modem  Continental  Oil-engine  Practice.     Casster^s,  Lond.,  March, 

1913. 
BuRSTALL,  F.  W. — Some  Future  Developments  of  Heat  Engines.    J'l  West,  Scot, 

Ir.  and  Steel  Inst.,  vol.  xiii,  pp.  98-110,  13^146^  151-156.     1906. 
Butler,  £. — ^Practical  Management  of  Gas  and  Oil  Engines.    Gas  and  Oil  Power^ 

vol.  iv,  pp.  203-204.  234-235.     1909. 
Canton,  M. — Das  mecnanische  Aequivalent  der  Verbrennung  und  Konstrucktion 

eines  rationellen  Verbrennungsmotor.    Physik.  Zeitechr,,  od.  vi,  pp.  805-806. 

1905. 
Capitaine,  E. — Petroleum  Kraftmaschine.    Zeitschr.   Ver,  detUech,  Ing,,  bd.  xlii, 

pp.  1458-1462,  pi.  xix.     1899. 
Chatterton,  a. — Experiments  in  pumping  with  Oil  Engines  at  Melrosapuram 

(India).    Bull.  Depi,  Agric,  Madras,  vol.  iii,  pp.  35-51.     1905. 
Clerk,  D. — The  Testing  of  Petrol  Engines.    Proc,  Inst,  AtUom,  Engrs.,  vol.  vii,  pp. 

22.     1905. 

Internal  Combustion  Engines.    Cantor  Lectures,  vol.  viii.     1905. 

. — ^The  Present  Position  of  Uas  and  Petrol  Engines.    Electrician,  vol.  lix,  pp. 

774r^77.     1907. 
Crowlbt,  R.  W.— Solid  Gasoline  as  a  Fuel  for  Gas  Motors.    Com.  Vek.,  Nov.,  1911. 
Duncanson.  Frank. — Notes  on  Two-cycle  Oil  Engines.    Mech.  Engr.,  Mar.  1,  1912. 
EiiUS,  L.  W.,  and  Drat,  W.  R. — Power  from    Kerosene.    Sci,  Am.  Sup,,  Feb.  15, 

1913. 
Engineer,  London. — A  New  Crude  Oil  Engine.    Dec.  1,  1911. 
Engineering. — Petrol  and  Alcohol  Internal  Combustion  Engines.     Rev,  of  Bull,  43, 

U,  S.  Bur.  Mines,  Majr  23,  1913. 
. — Internal  Combustion  Elngines  at  the  Ghent  Exposition  (Navy  tank  steamer). 

August  1,  1913. 
•- — ^Water-cooled  Clutch  and  Slipping  Gear  for  Oil-Engine  Drives.    Oct.  17, 


1913. 
Fernald,  R.  H. — ^The  Status  of  the  Gas  Producer  and  of  the  Internal  Combustion 

Engine.     Teehn,  Paper  9,  Bur.  Mines,  Washington,  1912. 
H.-R.— Der  Zweitakt-RohSlmotor.    Seifenfabrik,  bd.  xxxi,  pp.  649-650.     1911. 
Hirshfeld,  C.  F. — The  Principles  of  Fuel-Oil  Engines.    Wis.  Engr.,  May,  1913. 

Sci.  Am.  Sup.,J\ily  19,  1913.    Serial. 
Jackson,  Earlb  D. — CHI  Engines  for  Central  Station  Prime  Movers.    Elec.  Wld., 

May  4,  1912. 
JuNOB,  F.  £}. — German  Progress  in  Large  Oil  Engines.    Power,  Oct.  22,  1912. 
Kii£Ball,  G.  H. — What  is  the  Future  of  the  Oil  Engine  in  the  United  States?    Eng, 

News,  May  20,  1912. 
Knowles,  C.  R. — ^The  Oil  Engine  in  Railway  Water  Service.    Ry.  Age  Oaz.,  Aug.  15, 

1913. 
Letombe,  Leon. — Moteurs  k  combustion  Interne  et  Gasog^nes.     Tech,  Mod,  (Sup- 
plement), Dec.  15,  1912. 
Loebeuj,  H. — Die  flQssige  Brennstoffe  und  ihre  Verwendbarkeit  im  Grosskraftmas- 

chinen.    Pet.  Zeitschr.,  bd.  vi,  pp.  946-952.     1911. 
Litmet,  G. — ^La  question  du  Carburant  k  bon  marchd.     Tech,  Mod.,  May  15,  1913. 
Mariotti,  £. — Nuovo  motore  ad  olio  pesante  applicato  ad  una  automotrice  ferro- 

viaria.     Ing,  Ferro.,  Dec.  16,  1911. 
Mathot,  R.  E. — Comparison  of  Gas,  Oil  and  Steam  Motive  Powers.    Power,  March 

5,  1912. 
OsTERGREN,  O.  P. — CUtssification  of  Oil  Engines.    Power,  Feb.  11,  1913. 
Potter,  A.  A.,  and  Carlson,  W.  W. — Brake  Test  on  a  75-h.p.  Oil  Engine.    EUc,  Wld., 

Jan.  11,  1913. 
Power. — The  Oil-Motor  Industry  in  Italy.    Abst.  trans,  from  Des  Oelmotor,  Oct.  7 

1913. 
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Pbice,  W.  T. — The  Significance  of  Oil-engine  Developments.     (Phila.  Fdry  Assoc.) 

Iran  Trd,  Rev.,  Dec.  26,  1912. 
Rand,  J.  P. — Test  of  a  Kerosene  Burning  Oil  Engine.    Sib.  J*l  Eng.,  Feb.,  1912. 
RoLLASON,  A,,  and  Taylor,  A.  W. — The  Production  of   Motor  Spirit  from  Coal. 

Col.  Guard.,  Sept.  19,  1913. 
ScHAARSCBMrDT,  OscAR. — Die  Trcibmittel  dcs  Verbrennungs-motors.    Schiffbau,  Feb. 

26,  1913. 
Secor,  John  A. — The  Gasoline  and  Kerosene  Situation.    Address  before  Indiana 

Section  Soc.  Autom.  Engrs.    Sci.  Am.,  Ms^  19,  1913. 
Setz,  H.  R.— Oil  Engines.     Trans.  Am.  Soc.  Mech.  Eng.,  vol.  xxxiii,  pp.  1167-1200. 

1911. 
SiMPiCH,  F. — Oil  Engines  for  Mesopotamia.     U.  S.  Cons.  Rep.  No.  357,  pp.  145-147. 

1910. 
Skinner,  R.  P. — Petroleum-burning  Motors  for  Agricultural  Purposes  (Russia). 

U.  S.  Cons.  Rep.  No.  366,  p.  64.     1910. 
Stephenson,  G.  B. — Petroleum  Eneines.     U.  S.  Cons.  Rev.  No.  357,  p.  145.     1910. 
Streeter,  R.  L. — The  Internal  Comoustion  Engine  in  Moaem  Practice.    Eng.  Mag. 

vol.  Ixii,  pp.  57-74,  185-205,  34^370.     1911. 
Strong,  R.  M.,  and  Stone,  Laubon — Comparative  Fuel  Values  of  Gasoline  and 

Denatured  Alcohol  in  Internal  Combustion  Engines.     U.  S.  Bur.  Mines,  BuU., 

43;  and  BuU.  32.     1912. 
SuFLEE,  H.  H. — Historical  Review  of  the  Development  of  the  Internal  Combustion 

Engine.     Cassier's  Mag.,  vol.  xxxiii,  pp.  3-22.     1907. 
ToOKET,  W.  A. — Oil  Engines.     Trans.  Manchester  Assoc.  Erig.,  1908,  pp.  21-78. 
Ulbright,  T.  C,  and  Torrance,  C.  E. — ^American  Practice  in  the  Rating  of  Internal 

Combustion  Engmes.     Sib.  J*l  Eng.,  April  12,  1912,  and  Power,  July  23,  1912. 
U.  S.  Special  Consmar  Report. — Gas  and  Oil  Engines  in  Foreign  Countries,  vol., 

xxiiiLpt.  i,  pp.  188,  iv.     1901. 
Venton-Duclaux,  L. — ^Les  Moteurs  k  Naphtaline.     Tech.  Mod.,  Nov.  1, 1912,  and 

Mem.  Soc.  Ino.  Civ.  de  France,  Oct.,  1912. 
Weinreb,  F. — Ueber  Rohdlmotoren.    Electrotech.  u.  Maschinenbau,  May  25,  1913, 

p.  444. 

Observatums  on 

Wentworth,  John  F. — Observations  on  the  Oil  Engine.    Power,  March  11, 1913,  p. 
338. 

Principles  of 

Hirschfield. — The  Principles  of    Fuel-oil  Engines.     Wisconsin  Eng.,  May,  1913,  p. 
331. 

Rolling  Mid 

Baudisch,  H. — Eine  Diesel  anlage  ftir  Walzwerksbetrieb.     Zeii.  Oest.  Ing.  u.  Arch. 
Ver.,  July  12,  1912. 

Schimanek 

Schimanek,  Emil. — Die  Steigerung  der  Leistung  von  Verbrennungsmotoren  und  ein 
neuer  Sechstaktmotor.     Zeit.  des  Ver,  deuischer  Ing.,  Jan.  25,  1913. 

Snow 
Ballin,  a.  E. — New  Heavy-oil  Engine.    Power,  August  12,  1913. 

Stamp  Mill 

Seager,  J.  A. — Oil  Engines  for  Driving  Gravity  Stamps.    E.  and  M.  J%  vol.  xcii, 
pp.  851-852.     1911. 

Wentworth 
Wentworth,  John  F. — Observations  on  the  Oil  Engine.    Power,  Mar.  11,  1913. 

Fires 
WiLLBT,  Day  Allen. — Oil  Fires  in  the  Southwest.    Sci.  Amer.,  Jan.  10,  1903. 
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To  ExUnguUh 

WiCKERSHAM,  S.  M. — ^To  Extinguish  Oil  Fires.    Proc,  Eng.  Soc.  West.  Penn,,  vol.  ix, 
pp.  27^-281.     1893. 

Forges 

Evans,  H.  A. — Oil  as  Fuel  in  Forges.    Iron  Tr,  Rev,,  vol.  xlvii,  pp.  75-81,  138-142. 

1911. 
JuKovBKi,  S. — New  Metallurgioal  Oil  Forges.    Gom.  Jum.,  1896,  t.  iii,  pp.  14-51,  5 

pis. 
Lent,  L.  B. — ^Producer  and  Water  Gas  for  Furnaces.     (Forge  furnaces  equipped  with 

gas  and  oil  burners.)    Am.  Machinist,  vol.  xxxiv,  pp.  692-696.     1911. 
Popov,  N. — Oil  Heating  in  Forges,  Boilers,  etc.,  in  Moscow.    Oom.  Jum.,  1895, 

t.  iii,  pp.  1-30,  4  pis.    See  also  under  Boilers. 

Fuel 

Aagabd,  H.  B. — ^Liquid  Fuel.    Prise  EBaAy,Noni>egian  Oovt,,    1902. 

Adams,  E,  E. — Fuel-Oil  Installation  on  the  Great  Northern  Railway.    By,  and  Engng. 

Rev,jJ)ec.  9,  1911. 
Adams,  W.  B.— liqidd  Fuel.    J'l  Soc.  Arts,  voL  xvi,  pp.  432-433.    1868. 
Albxieev.  V. — Petroleum — Peat  Fuel.    Zap.  Imp.  Rtask.  Tekhn.  Obsch.,  g.  xxxiii, 

Trudi,  pp.  225-240.     1899. 
Allbst,  J.  d'. — De  la  Combustion  des  huiles  Minerales  et  de  leurs  r^dus.    G^.  Civ., 

t.  viii,  pp.  7-10,  1^22,  36-42.     1885. 
ANDBBEV.--Oil  as  Fuel.    Promischl,  t.  i, pp.  227-246.     1864. 
AxTFHAUSBR,  Dr. — Die  Specificschen  Eigenschaften  und  Unterschiede  der  festem 

und  flOssigen  BrennstofFe  und  ihre  technische  Bedeutung.    GlUckavf,  Apni  19, 

1913. 
Atdon,  H. — Liquid  Fuels.    Proc,  Inst.  Civ.  Eng.,  vol.  iii.  pp.  177-213.     1878. 
Babtf,  a.— Petroleum  as  Fuel.    J'l  Soc,  ArU,  vol.  xxvm,  pp.  761,  811-812.     1880. 
Bender,  C. — ^Zur  PrQfung  des  Brikettpeches.    Zeitsckr.  angew,  Chem.,  bd.  xviii,  p. 

954.     1905. 
Bernewitz,  M.  W. — ^Fuel,  Power  and  Water  Supply  of  Tonopah,  Nevada.    Min, 

and  Sci,  Pr^Dec.  14,  1912. 
Best,  W.  N. — ^The  Science  of  Biiming  Liquid  Fuel.    E.  and  M.  J%  vol.  Ixxvii,  pp. 

771-772.     1904. 
BoGATCHEV,  V.  I. — Report  on  the  Combustion  of  Oil.    Zap.  Kavk.  Old.  Russk. 

Tekhn.  Obsch.,  t.  iii,  p.  251.     1871. 
BoHM,  C. — On  Crude  Petroleum  (Greek  fire)  Equipment  for  Purposes  of  Naval  War- 
fare.    Trans.  Inst.  Nov.  Archt.,  vol.  xix,  pp.  232-240.     1878. 
Booth,  W.  H. — Notes  on  Liquid  F^el.    Proc.  Assoc.  Eng.  in  Charge,  No.  4,  1903. 

7-.— Oil  Fuel  vs.  the  Oil  En^e.    Petrol.  Wld.,  Dec,  1912. 

Brame,  J.  J.  S. — ^Liquid  Fuel  and  its  Economic  Aspects.    Petrol.  Rev.,  vol.  xxi,  p.  237. 

1909. 
CampbeiI,  M.  R.— Mineral  Fuels.    Bull.  471,  U.  S.  G.  S. 
Cerkez,  S. — Briquets  aus  Lignite  und   Petroleum-rildcstanden.    Zeitsckr.   angew. 

Chem.,  bd.  xviii,  1905,  pp.  171-173. 
Chambers,  J.  C. — Petroleum  Fuel.    Rep.  Cons.  U.  S.,  vol.  xxii,  1887,  pp.  522-527. 
Day,  David  T. — Reports  in  Mineral  Resources  of  the  United  States,  U.  S.  G.  S., 

Washington,  annual  volumes  from  1907  to  1912,  inc. 

. — A  Great  Reservoir  of  Fuel  Oil.    Eng.  News,  Oct.  17,  1912. 

Dbane,  C.  T. — The  Burning  of  Crude  Oil  for  Steam  Purposes.    Petrol.  Rev.,  vol.  vi, 

pp.  385-397.     1902. 
Dudley,  C.  B.— Fuel  Oil.    J'l  Frank.  Inst.,  vol.  cxxvi,  pp.  81-95,  2  pis.     1888. 
EiNERT,  K. — Das  Roh5l  und  seine  Verwertung  als  Heizmaterial.    Petrol.  Zeitsckr., 

bd.  iv,  pp.  613-618.    1909. 
EUclrical   Review,  London. — The     Utilization    of   Crude   Petroleum    for    Electric 

Power  Production  at  El  Centro,  California.     Dec.  8, 1911. 
Electrical  World. — Auxiliary  Oil-burning  Station  for  Southern  California  Station. 

(Long  Beach  plant  of  the  Edison  Co.)     March  9,  1912. 
Ennis,  W.  D. — Burning  Oil  for  Power  and  Heating.    Power,  vol.  xxviii,  pp.  943-947; 

980-984.     1908. 
FoRSTNBR,  E.  M. — The  Use  of  Petroleum  for  Power  Purposes.    Min.  and  Sci.  Press, 

vol.  Ixxxiv,  pp.  130-131.     1902. 
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FbuchTi  J. — Use  of  Crude  Oil  as  Fuel.    MarUan,  ZeU,  Oesterr.  Ung,  Bdlkard.,  bd.  xv, 

pp.  45-46.     1908. 
Gboblino,  a.  E.  von.— Oils  Distilled  from  Coal.    Petrol.  Wld.y  May,  1913,  p.  215. 
Gbuszkiewicz,  J. — Das  Heizol.    Naphta^  bd.  xvi,  pp.  93-95.     1908. 
GuLiscHAMBARCv,  S.  I. — Petrolcum  as  Fuel.    Crom.  /t*m.,  1880,  t.  ii,  pp.  261-277. 
. — Consumption  of  Fuel  for  Business  Purposes.    Russ.  Manuf.  and  Trade 

Dept..  1893. 
-. — On  the  Oil  Industries  of  America  and  Russia,  with  Special  Reference  to 


Texas  and  the  Liquid  Fuel  Trade.    Petrol.  Rev.,  vol.  vii,  pp.  81-88.     1902. 
GwiGGNER,  A. — Ueber  den  Einfluss  der  Flammentemperatur  bei  der  Bewertung  der 

Brennstoffe.    StM  u.  Eisen,  Mar.  6,  1913. 
Hale,  H. — ^Liquid  Fuel  Supply.     (Western  U.  S.)     Cassier's  Mag.^  vol.  xl,  pp.  3-16. 

1911. 
Habris,  H.  G. — Petroleum  as  a  Producer  of  Energy.    Prof.  Ray.  Eng.,  vol.  xvi,  pp. 

181-222.     1890. 
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pp.  81-82.     1903. 
Venator,    Wilhelm. — Ueber    Oelfeurung    mit    besonderer    Berucksichtigung  der 

oelgefeuerten   Schmelzofen  und  Oelbrenner  ftir  den  Giessereibetrieb.    Serial. 

Giess.  Zeii.,  Feb.  15,  1913. 
Weiller,  p. — ^Das  HeizSl  im  HOttenbetriebe.    Pet.  Zeitschr.,  bd.  iii,  pp.  510-^514 

1908. 

Steel  HeaJting 

Spillman,  Harry  C. — Kerosene  for  Steel-heating  Furnaces.  Mack.,  N.  Y.,  Oct., 
1913. 

Gasoline 

Burrell,  Geo.  A.,  and  Siebert,  Frank  M. — ^The  Condensation  of  Gasoline  from 

Natural  Gas.     Chem.  Engr.,  Sept.,  1913. 
Hirshfeld,  C.  F. — Production  of  Gasoline  from  Natural  Gas.    Eng.  Mag.,  Sept., 

1912. 
Peterson,  F.   P. — Squeezing  Gasoline  out  of  Natural  Gas.    Sd.  Am.,  Aug.  17, 

1912. 
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Gas  Works 

Adams,  H.  E. — Economy  of  Firing  Benches  with  Crude  Oil.    Am.  Gas  Light  J%  vol. 

Ixxv,  p.  365.     1901. 
Armstrono,  H.  E.— On  the  Manufacture  of  Gas  from  Oil.    J*l  Soc.  Chem.  Ind.f 

vol.  iu,  pp.  462-468,  1884. 
Bower,  G.---Gas  from  Fetroleum  Oil  and  from  Wood  and  Peat  Enriched  with  Oil. 

jn  of  Gaa  Light.,  vol.  xii,  pp.  516-517.     1863. 
BuRKHART,  H.  W.— -Oil  Situation  from  a  Gas  Man's  View-point.    Progress.  Age,  vol. 

xxviii,  pp.  960-962.     1910. 
Cleuents,  J. — Device  for  Using  Crude  Oil  for  Bench  Fuel.    Device  for  Using  Crude 

Oil  for  Gas  Enrichment.    Am,  Gas  Light  JH,  vol.  Ixxxv,  pp.  367-368.     1901. 
Gregory,  O.  M. — The  Use  of  Crude  Oil  for  Firing  Benches.    Am.  Gas  Light  JH,  vol. 

Ixxv,  pp.  363-365.     1901. 
Powers,  R.  M. — The  Use  of  Crude  Petroleum  for  Firing  Benches.     (Pacific  Coast 

Gas  Assoc.)     Am.  Gas  Light  J'l,  vol.  Ixxiii,  pp.  207-208.     1900. 
ScHiLLiNQ. — Die  Beleuchtung  mit  Gas  aus  Petroleum  RUckstanden  in  der  Locomotive 

Fabrik  von  Krauss  &  Co.  zu  MOnchen.    J'l  Gas-^leucht.,  bd.  x,  pp.  152-157, 

1867. 

Heating  Power  ' 

Albrecht,  M. — Ueber  den  Brennwerth  des  russichen  Petroleums.     Chem.  Rev.  Fettr 

Harz.  Ind.,  bd.  v,  pp.  189-193.  1898. 
Alexieev,  V. — Calonnc  Value  and  Composition  of  Russian  Mineral  Combustibles. 

Gom.  Jum.,  1886,  t.  iii,  pp.  4M-487;  1887,  t.  i,  pp.  87-121;  1888,  t.  i,  pp.  124^143; 

t.  iv,  pp.  61-99. 
Atwater,  W.  O.,  and  Snbll.  J.  F. — Description  of  a  Bomb-calorimeter,  and  Method 

of  its  Use.    J*l  Am.  Chem.  Soc.,  vol.  xxv,  pp.  659-699.     1903. 
Berthelot,  M.  p.  E.,    and    Recourae. — Bombe  calorimetrique.    Compt.  Rend., 

t.  dv,  pp.  875-880. 
BiELiAHiN,  M. — ^The  North  American  Oil  Industry.    Izo.  Obsch.  Gom.  Ijen.,  1894, 

Nos.  5-6,  pp.  15-27. 
Chxtrch,  a.  T. — Notes  on  Fuel  Oil  and  its  Combustion.    J'l  Am.  Soc.  Naval  Engrs., 

vol.  xxiii,  pp.  795-831.     1911. 
Coleman,   J.   J. — Sur     I'inflammabilit^    relative     des    huiles    d'origine   animale, 

v6g6tale  et  min^rale.     Bull.  Soc.  Ind.  Malh.,  t.  xlvi,  pp.  104-107.    1876. 
Fenn,  K.  W. — Calorific  Value  of  California  Fuel  Oil.    Eng.  News,  vol.  Ixi,  pp.  516- 

518.     1909. 
Fischer,  F. — Apparat  zur    Bestimmung   der   Verbrennungswarme.     Ber.  deiUsch. 

Chem.  Ges.,  bd.  xii,  pp.  1694r-1696.     1879. 
Gruszkiewicz,  J. — Ueber  die  Verbrennungstemperatur  des  Roh5ls.     Naphta,  bd., 

xvi,  pp.  68-69.     1908. 
Hempel,  W. — Ueber  die  Bestimmung  der  Verbrennungswarme  der  Heizmaterialien. 

Zeitschr.  angew.  Chem.,  bd.  ix,  pp.  350-352.     1896. 
Huntley,  G.  N. — The  Accuracy  Ootainable  in  Fuel  Calorimetry.    Chem.  Eng.,  vol. 

xiii,  pp.  147-152.     1911. 
Inchley,  W. — Calorific  Value  of  Solid  and  Liquid  Fuels.     Engineer,  vol.  cxi,  pp. 

155-156.    1911. 
Kharitchkov,  K.  V. — Elementary  Composition  and  Heating  Power  of  the  Petroleum 

Residues  of  Grozni.    Gom.  Jum.,  1898,  t.  i,  pp.  352-355. 
Kroker,  K. — Ueber  die  Bestimmimg  des  nutzbaren  Verbrennungswarme  der  Heiz- 
materialien.    Zeitscher.  Ver.  Rubenz.  Ind.,  bd.  xlvi,  pp.  177-194.    1896. 
Le  Conte,  J.  N. — The  Relative  Value  of  Light  Oil  as  Compared  with  Fuel  Oil. 

J*l  Am.  Soc.  Mech.  Eng.,  vol.  xxxiii,  pp.  876-879.    1911. 
Lisenko,  K.  I. — Calorific  Powers  of  Petroleum.    Jum.  Russk.  Phiz.  Khim.  Obsch., 

t.  ix,  otd.  i,  pp.  290-292.    1877. 
Parr,  S.  W. — The  Peroxide  Calorimeter  as  Applied  to  European  Coals  and  Petroleum. 

ri  Am.  Chem.  Soc,  vol.  xxiv,  pp.  167-171.      1902. 
Phillips,  Drury  McN. — See  Udden,  J.  A. 

Phillips,  Wm.  B. — Texas  Petroleum.     BvU.  No.  1,  Univ.  Tex.  Min.  Surv.,  1901. 
.—The  Quality  of  the  Fuel  Oils  Sold  in  Texas.    Fuel  Oil  J'l,  vol.  v.  No.  2, 

Feb.,  1914. 

and  S.  H.  Worrell. — The  Fuels  Used  in  Texas.     Bull.  Bur.  Ec.  Geol.  and  Techn, 


Univ.  Texas,  No.  307,  Dec,  1913. 
Rankine,  W.  J.  M. — On  the  Estimation  of  the  Evaporative  Power  of  Fuel.    Proc. 
Phil.  Soc,  Glasgow,  vol.  v,  pp.  123-126.    1868. 
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ScHPAKOYSKi. — Comparative  Value  for  Steam  Boilers  of  Coal,  Turpentine  and 
Petroleum.    Morsk.  Shorn,  1866,  pp.  173-180.    See  also  under  Boilers. 

Shbbman,  H.  C,  and  Kropff,  A.  H. — ^The  Calorific  Power  of  Petroleum  Ofla  and  the 
Relation  of  Density  to  Calorific  Power.  J*l  Am.  Ckem,  Soc.,  vol.  xzx,  pp.  1626- 
1631.    1908. 

Sherman,  H.  C^  and  Snell,  J.  F. — On  the  Heat  of  Combustion  as  a  Factor  in  the 
Analytical  Examination  of  Oils;  and  the  Heats  of  Combustion  of  some  Com- 
mercial Oils.    J'l  Am.  Chem.  Soc.f  v«l.  xxiii,  pp.  164-172.    1901. 

SLossin^f,  E.  E.,  and  Colburn,  L.  C. — The  Heatmg  Value  of  Wyoming  Coal  and  Oil. 
Sch.  of  Min,,  Univ.  Wyo.,  BuU.  No.  2.  1895. 

Udden,  J.  A.,  and  Phillips,  Drurt  McN. — Reconnaissance  Report  on  the  Oil  and 
Gas  Fields  of  Wichita  and  Clay  Counties,  Texas.  Bur.  Ec.  Geol.  and  Techn., 
Univ.  of  Tex.,  BuU.  246.  1912. 

Weixworm,  S. — ^Relation  of  Flashing  and  Combustion  Temperatures  in  mineral  oils. 
MiUh.  Chem.  Inst.  Techn.  Unters.  Wien.     1892. 

Worrell,  S.  H.— See  Phillips,  Wm.  B. 

Locomotives 

Engineering. — The  Sulzer-Diesel  Locomotive.    Sept.  5,  1913. 

Engineering  News. — An  Industrial  Locomotive  Driven  by  a  Crude  Oil  Engine. 

(Nitrate  industnr.  ChiU.)     Jan.  9,  1913. 

.—The  First  Diesel  Locomotive.    Oct.  2,  1913. 

Lerottx,  E.  p. — ^Les  Locomotives  avec  Moteur  k  Benzine  &  cylindres  multiples. 

La  Revue  Noire,  May  25,  1913. 
Railway  QazeUe,  Lond. — Diesel  Locomotive  Built  by  Sulzer  Bros.    Oct.  3^  1913. 
Railway  Master  Mechanic.— -Gsaohne  Freight  and  Switching  Locomotive.    Sept., 

1913. 
Scientific  American  Supplement. — The  First  Diesel  Locomotive.    Sept.  20,  1913. 
Zeit.  des  Ver.  detUscher  Ing. — Die  erste  Thermo-Lokomotiv.    Aug.  23,  1913. 

Mining 

Austin,  E. — Mining  Locomotives  and  Liquid  Fuel:  Their  Probable  Influence  on 

South  African  Labor  Troubles.    Joum.  Transvaal.  Inst.  Mech.  Eng.,  vol.  ix,  No. 

1,  1910. 
Hodges,  R.  O. — Gasoline  Motors  in  Coal  Mines.    Paper  before  W.  Va.  Coal  Min. 

List.      1913. 
KiNQ,  A.  F. — ^Use  of  Gasoline  Motors  in  Coal  Mines.    Min.  and  SH.  Press,  Sept.  20, 

1913. 
ScHOLZ,  Carl. — Gasoline   Mine  Locomotives  in  Coal  Mining.    CoU.  Engr.,  Oct., 

1913. 

MlBCELLANEOUS 

Caracrish,  C.  F.  Z. — The  World's  Production  of  Petroleum.    Min.  Ind.,  vol. 

viii,  pp.  464-466.    1900. 
Chivot-Naud^. — Rapport  sur  Fhuile  de  p^trole.  Ses  propri6t^  et  ses  Applications. 

Ulrwention,  ann.  xx,  pp.  43-52.     1866. 
Gttlischambarov,  S.  I. — Petroleum  and  its  Products  in  the  World's  Industry  and 

Trade.    Petrol.  Rev,,  vol.  xiii,  pp.  43-44,  63-64.     1905. 
HiNRiCHSEN,  F.  W. — Bericht  ueber  den  VI  Kongress  des  Intemationalen  Verbandes 

ftlr  die  Materialprafungen  der  Technik.     New  York,  1912.    Zls.  Eledrochemie, 

May  16,  1913,  p.  409. 
Lazare. — ^L'Emploi  du  Combustible  liquide  sur  le  Monde.    Joum.  Petrol.,  t.  xi, 

pp.  194r-195.    1911. 
LiWEHR,  Eugen. — Neuerungen  auf  dem  Bebiete  der  thermischen  Erddlfordemng. 

Petroleum,  Oct.  15,  1913. 
Oil  Age. — Regulations  for  Leasing  Canadian  Government  Oil  and  Gas  Lands.    Nov. 

28,  1913. 
PStrole,  Le. — Les  Valours  de  Pdtrole  sur  le  March6  Anglais.     Aug.,  1913. 
Petroleum. — Der  Monopolgesetzentwurf  nach   den  BeschlQssen   der  Leuchtolkom- 

mission.    April  16,  1913. 
. — Die  Entwickelung  der  Monopolfrage.     April  16,  May  7,  May  21,  June  4, 

June  18,  July  2.  1913. 
. — Die  Verkeors-  und  Handelsvorschrif ten  ftir  das  Petroleum  in  den  einaeben 


Landem.     May  21,  June  4,  Nov.  6,  1913. 
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Petroleum, — ^Entwurf  einer  PoIiEeiverordnung  Qber  Minerelmischungen  in  Deutseh- 

land.    July  2,  1912. 
Petroleum  World,  London, — The  Origin  of  Petroleum.    Sept.,  1913. 
REDWOob^  B. — Petroleum  and  its  ftoducts.    Cantor  LedureSf  vol.  iii.     1886. 
RoGEBS,  H.  D. — Coal  and  Petroleum.     Harper's  Mag.,  vol.  xxvii,  p.  259.    1863. 
Th^rner,  W. — Das  Petroleum,  seine  Gewinnung,  Verwerthung  imd  Verf&lschung. 

5th  Jahreab,  Nat.  Ver,  Osnabruck,  pp.  29-54.     1883. 
Waters,  C.  E. — Behavior  of  High-bomng  Mineral  Oils  on  Heating  in  the  Air.    J*l 

Jnd.  Eng,  Ckem,,  vol.  iii,  pp.  233-237.     1911. 
Yalovetski.  B. — Water,  Fuel  and  Steam  Boilers,  Liquid  and  Gas  Fuel,  Crude  Coal 

Tar  ana  Petroleum.    Jwm,  MinisL  PvJt.  Soobsch.,  1879,  t.  i,  pp.  341-352. 

Foreign  Countries — China 

Chemische  und  Technische  Zeitung, — Petroleumfundst&tten  in  China.  May  15,  1913, 
p.  79. 

England 

Petroleum  World.— Od  in  the  British  Empire.    March,  1913,  p.  121. 

Europe 

TwEDDLB,  H.,  Jr. — The  Petroleum  Industries  of  Europe.  Engineering,  vol.  xli,  pp. 
99-100,  149-152,  193-194,  23^243,  289-290,  341-342.  Maps  and  Sections. 
1886. 

India 

Cholmblet,  N.  G.— The  Oil  Fields  of  Burma.    Petrol  Wld.,  May,  1913,  p.  221. 

J'l  Soc.  Arte,  May  16,  1913,  p.  639. 
White,  H.  T.— Report  on  the  Oil  Wells  of  Burma.     (Blue  Book.)     1888. 

Mexico 

Ball,  S.  H.— The  Tampioo  Oil  Field,  Mexico.    E.  and  M.  J*l,  vol.  xci,  pp.  959-961. 

1911. 
Bttrr,  G.  a. — ^Petroleum  in  Texas  and  Mexico.    E.  and  M.  J%  vol.  Ixxi,  1901,  pp. 

687-688. 
BusTAMENTE,  M. — lufonue  sobre  los  criaderos  carboniferos  de  las  Huastecas.    An. 

Min.  Fom.  Rep.  Mex.,  t.  vii,  pp.  538-547.    1882. 
. — ligero  estu  dio  sobre  los  pozos  de  ''El  Ebano"  explotados  por  la  Mexican 

Petroleum  Co.    Bel.  Soc.  Geol.  Mex.,  t.  ii,  pp.  111-131,  pi.  1906. 
D'Anthonat,  a.  J. — Le  P6trole  au  Mexique.    Joum.  Petrol.^,  x,  p.  151.     1910. 
Fuel  Oil  Journal. — Mexican  Crude  Replacing  the  Domestic  Product  along  the  Gulf 

Coast.     Vol.  ii.  No.  2.  pp.  3-4,  Aug.,  1912. 
Horn  AD  AT,  W.  D. — Petroleum  in  Mexico.    Min.  and  Eng.  Wld.,     1911. 
Maqill,  S.  E. — Oil  Resources  of  Mexico.     U.  S.  Cone.  Rep.  No.  317,  pp.  53-55.    1907. 
Mennel,  J.  L. — Oil  in  Mexico.     Min.  Mag.,  vol.  ii,  pp.  448-450.     1910. 
Mining  and  Engineering  World. — Importance  of  Mexico  as  a  Petroleum  Producer. 

June  22,  1912. 

. — Operations  of  the  Mexican  Petroleum  Company.     May  10,  1913,  p.  916. 

Skebtchlt,  S.  a.  R. — Oil  in  Mexico.     Min.  Mag.,  vol.  iii.  pp.  283-286.     1910. 
Wilson,  H.  W. — Reports  for  the  years  1907-1910  on  the  Trade  of  the  Consular 

District  of  Tampico.     Dipl.  Cons.  Rep.  Ann.,  ser.  Nos.  4051,  4215,  4663.     1908, 

1909  1910. 
Wood,  H.  L.— Ofl  Fields  of  Mexico.    OH  and  Gas  J%  vol.  ix,  Nos.  4^-45.     1911. 

Russia 

Chambers,  C.  J. — The  Russian  Petroleum  Trade.     U.  S.  Cons.  Rep.,  vol.  Ixix,  pp. 

175-216.     May,  1902. 
Hautpick,  E.  DE. — Russian  Oil  Fields  To-day.     Min.  Joum.,  Oct.  5,  1912. 
. — How  the  Russian  Petroleum  Market  is  Regulated.     Min.  Joum.,  Oct.  5, 

1912. 
WiscHiN,  R.  A. — Die  russiche    Erddlindustrie  am  Anfage  unseres  Jahrhunderts. 

Zeitschr.  angew.  Chem.,  bd.  xiii,  pp.  313-318.     1900. 

South  America 

Caracristi,  C.  F.  Z. — Coal  and  Petroleum  in  Colombia.    Bur.  Am.  Republics,  Spec. 
BvU.,  pp.  23.    Washington,  1893. 
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Cabacristi,  C.  F.  Z.. — Colombia.    A  New  Field  for  the  Development  of  Coal  and 
Petroleum.    Jr,  and  Coal.  Tr.  Rev,,  vol.  Ivii,  pp.  349-351.     1898. 

United  States  of  America — Calif  omia 

Andbbbon,  Robt. — ^Experts  and  the  Productive  Area  of  California  Oil  Fields.    E,  and 

M.  J%  vol.  Ixxxix,  p.  901.     1910. 
Bennett. — Reports  for  the  years  1902,  1905,  and  1906,  on  the  Trade,  etc.,  of  the 

States  of  California,  Nevada,  Utah,  and  Arizona.     Dipt.  Cone.  Rep.  Ann.,  ser. 

Nos.  2988,  3564,  3782.     1903-1907. 
BucHNEB,  G. — Erddlverwendung  in  California.     Bayer.  Ind.  Gewerh.,  bd.  xli,  pp. 

160-161.    1909. 
CooPBB,  A.  S. — Southern  California  Petroleum.     Min.  andSci.  Press,  vol.  Ixxvii,  p. 

373.     1898. 
Habbison,  W.  J. — Consumption  of  Coal  and  Oil  in  California.     1902-1903. 
Heubteau,    Ch.    E. — ^L'lndustrie    du  P6trole  en    California.    Ann.    des.    Mines, 

10th  ser^  vol.  iv.     1903. 
Mabtin,  a.  H.— California  Oil  Situation.     Min.  andEng.  Wld.,  Feb.  8,  1913,  p.  306. 
Pbutzman,  p.  W. — History  and  Geology  of  California  Oil-fields.     Min.  and  Engng. 

Wld.,  June  22,  1912. 
Rbqua,  M.  L. — Present  Conditions  in  the  California  Oil-fields.     Min.  and  Sci.  Press, 

Nov.  18,  1911. 
. — Present  Conditions  in  the  California  Oil-fields.    BuU.  Am,  Inst.  Min. 

Engrs.,ApTily  1912. 
RiCKABD,  T.  A. — Coalinga:  A  California  Oil-field.     Min.  Mag.,  Oct.,  1912. 
Stobmb,  W.  H. — Growth  of  the  Petroleum  Industry  in  California,  map.     Min.  and 

Engng.  TTW^June  22,  1912. 
Watts,  W.  L. — The  Gas  and  Petroleum-yielding  Formations  of  the  Central  Valley  of 

California.    Bvll.  Calif.  State  Min.  Bur.,  No.  3,  pp.  100,  maps  and  pis.,  1894. 
. — Petroleum  in  California.     IZth  An.  Rep.  ^tate  Min.  Calif.,  pp.  570-593. 

1896. 
WiSHON,  A.  E.— Electrical  Energy  in  the  Oil-fields  of  California.    J'l  Elec.  P.  and  G., 

April  26,  1913,  p.  375. 
Wolf,  J,  H.  G. — Production  and  Prices  in  the  California  Oil-fields.    Min.  and  Sci. 

Press,  Jan.  6,  1912. 
. — Production  and  Allied  Statistics,  California  Oil-fields,     Min.  and  Sci.  Press, 

Sept.  28.  1912. 
Young,  W.  G. — Present  Outlook  for  the  Oil  Industry  in  California.    E.  and  M.  J%  vol. 

Ixxii,  p.  664.     1901. 
. — The  Present  Condition  of  the  Oil  Industry  of  California.     E.  and  M.  J% 


vol.  Ixxiv,  pp.  545-546     1902. 

United  Slates — General 

BuBKABT. — Das  Petroleum  und  seine  Produktion  in  Nord  Amerika.    Berg-HOU. 

Zeit.,  bd.  xxix,  pp.  373-376.    1870. 
BuBBOUQHS,  W.  G. — The  Petroleum  Fields  of  the  United  States.    E.  and  M.  J%  vol. 

Ixxxix,  1911,  pp.  921-924. 
Day,  David  T. — The  New  Oil  Fields  of  the  United  States.    Am.  Reu.  of  Rev.,  June, 

1901. 
. — The  Petroleum  Resources  of  the  United  States.    Am.  Rev.  of  Rev.,  Jan., 

1909. 
-. — Production  of  Petroleum  in  the  United  States  in  1911.     Min.  and  Engng. 


Wld.,  Sept.  28,  1912. 
Hager,  Lee. — The  Future  Oil  Supply  of  the  United  States,  map.    Fuel  Oil  JH,  vol. 

ii,  No.  3,  pp.  37-41,  Sept.,  1912. 
Mineral  Industry,  N.  Y. — Annual  Volumes,  1892  to  1912,  inc. 
Mining  and  Engineering  World. — Production  of  Petroleum  in  the  United  States,  1911. 

Jan.  27,  1912. 

. — Petroleum  Industry  in  the  United  States  in  1912.    Jan.  25,  1913,  p.  157. 

Peckham,  S.  F. — Report  on  the  Production,  Technology  and  Uses  of  Petroleum  and 

its  Products.     (Tenth  U.  S.  Census.)     Qu^rt.  Rep.  U.  S.  Bur.  Statistics.,  vol.  x, 

1888. 


. — Petroleum.    Eleventh  Census  Rep.,  Washington,  1892. 

Walsh,   Geo.  E. — American  Petroleum  Possibilities.     Vassier^s  Mag.,  Dec,  1902. 
WiLDMAN,  R. — American,  Russian  and  Sumatra  Petroleum.     Rep.  U.  S.  Cons.,  vol. 
xl,  pp.  456-459.    1892. 
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Wood,  H.  L. — Fuel  Oil  ConditionB  Changing  in  the  Central  West.    Pud  Oil  J%  vol. 
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The  Russian  Oil  Fields 


BT  A.  ADIAB8EVICH,  ST.  PBTBR8BUBQ,  BUSSZA 
(New  York  Meetixic.  February^  1914) 

Petboleum  has  been  found  in  Russia  in  various  localities  from  north 
to  south,  as  may  be  seen  from  the  list  given  below: 

(a)  In  the  basin  of  the  Petchora  river,  Northern  Russia. 

(b)  In  the  basin  of  the  Volga  river,  in  the  governments  of  Samara 
and  Saratoff. 

(c)  In  the  government  of  Astrakhan  and  in  the  Uralsk  territory,  close 
to  the  northern  and  eastern  coast  of  the  Caspian  sea. 

(d)  At  Grozny  in  Northeastern  Caucasus. 

(e)  In  the  Daghestan  territory.  Eastern  Caucasus,  on  the  Caspian  sea. 

(f)  On  the  Apsheron  peninsula  (Baku  and  other  districts)  close  to 
the  Caspian  sea  shore. 

(g)  On  the  island  of  Tcheleken  in  the  Caspian  sea,  also  on  the  island 
of  Sviatoi. 

(h)  In  the  Transcaspian  territory  on  the  Neftianaia  Gora  (Oil  hill) 
and  on  the  surroundmg  hills. 

(i)   In  the  Ferghana  valley  in  Russian  Central  Asia. 

(j)   On  the  Eertch  and  Taman  peninsulas  on  the  Black  sea. 

(k)  In  Siberia  it  has  been  discovered  in  the  Transbaikal  territory  and 
on  the  island  of  Sakhalin.  ' 

In  the  above-mentioned  districts  petroleum  has  been  found  to  exist 
under  different  geological  conditions  and  to  vary  in  its  chemical  and  phys- 
ical properties. 

At  the  present  time  petroleum  is  produced  in  Russia  at  Baku,  Grozny, 
on  the  island  of  Tcheleken,  in  the  Ferghana  district,  and  in  the  Uralsk 
territory.  The  yearly  production  in  1912  throughout  the  Russian 
Empire  amounted  to  69,400,000  barrels,  of  which  the  Baku  fields  were 
responsible  for  52,000,000  barrels.  This  shows  that  the  Baku  fields  on 
the  Apsheron  peninsula  are  the  chief  oil-producing  centers  in  Russia, 
being  at  the  same  time  the  oldest  of  all  our  oil  fields.  In  this  paper  I 
shall  discuss  the  Baku  fields  only,  leaving  all  the  others  until  a  later  date. 

The  Apsheron  peninsula  in  the  Eastern  Caucasus  protrudes  into  the 
Caspian  sea  in  the  shape  of  a  triangle  some  47  miles  long  covering  a  total 
area  of  some  750  square  miles.  The  eastern  part  of  the  peninsula  is  a 
flat,  slightly  rolling  plain,  rising  in  its  highest  parts  to  140  to  170  ft.  above 
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the  level  of  the  Caspian  sea.  The  monotony  of  the  country  is  relieved  by 
rows  of  low  hills  or  limestone  ridges;  on  the  clayey  and  sandy  surface 
occur  shelly  limestone  terraces.  In  the  western  part  are  scattered  over 
the  rising  country  elevated  plateaus  divided  by  deep  ravines;  separate 
ranges  of  rugged  hills  make  their  appearance  and  theur  summits  rise  to 
840  to  1,200  ft.  (Shaban-dag).  In  the  lowlands  accumulations  of  brine 
water  form  regular  lakes;  these  shallow  lakes  dry  up  during  the  hot  season 


Fig.  2. — ^Thd  Bibi-Eibat  Oil  Field. 


leaving  numerous  salt  marshes.  The  peninsula  has  the  aspect  of  a 
sandy  desert  owing  to  lack  of  fresh  water  and  partly  ^Iso  to  sandy  soil. 
In  early  spring,  after  the  winter  rain,  the  country  is  covered  with  low 
grass  and  bright  flowers;  even  some  meager  crops  are  raised  at  the  time; 
but  by  the  end  of  May  all  vegetation  is  burned  by  the  scorching  rays  of 
the  southern  sun.  However,  on  the  northern  coast  of  the  peninsula, 
where  fresh  water  is  more  plentiful,  there  are  cultivated  fields,  vine- 
yards, and  orchards. 
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The  sedimentary  rocks  composing  the  Apsheron  peninsula  belong  to 
the  post-Tertiary  and  Tertiary  periods. 

The  post-Tertiary  is  composed  of  loess,  loam,  blown  sands,  gravel 
formations,  and  silt,  which  spread  throughout  the  peninsula.  The 
marine  deposits  are  Caspian  terraces  of  friable  shelly  limestone,  con- 
glomerate, and  gravel.  These  sedimentary  deposits,  some  140  ft.  thick, 
are  horizontal  and  lie  unconformably  on  the  underlying  beds. 

The  Tertiary  is  represented  by: 
Pliocene  deposits: 

(a)  The  Baku  series,  consisting  of  limestones,  sands,  clays,  and 
conglomerates,  deposited  imconformably  on  the  lower  series. 
The  series  contains  the  following  fossils:  Cardius  crassiun 
Baeri;  Adacna  plicata;  Adacna  edentula;  Adacna  vitrea;  Mono- 
dacna  caspia;  Dreissensia  Tschandae  Andr.;  Dreissensia  bugensis 
Andr.;  Dreissensia  pol3rmorpha;  Neretina  iuturata;  Clessinia 
variabilis;  Micromelania. 

(6)  The  Apsheron  series,  consisting  of  limestones,  oolitic  limestones, 
marls,  sands,  sandstones,  dark-colored  clays  with  thin  inter- 
layers  of  volcanic  ash  and  sand  and  deeper  dark  clays  with 
interlay ers  of  sands  and  black  clays;  among  these  strata  are 
occasionally  met  hard  sandstones  and  boulders.  The  following 
fossils  are  characteristic  of  these  series:  Apsheronia  propinqua; 
Apsheronia  Euridesma  Andr.;  Apsheronia  raricosta  Andr.; 
Didacna  intermedia;  Monodacna  nitida;  Monodacna  Sjogren!; 
Monodacna  trapezinum;  Dreissensia  anisoconcha;  Dreissensia 
rostriformis;  Dreissensia  latro;  Limnsea  obtusa;  Cypris. 
The  Pliocene  is  some  1,225  ft.  thick. 
Miocene  deposits: 

Black  clays  underlain  by  marls,  light  and  dark  clays  with  inter- 
layers  of  volcanic  sand,  sands,  sandstones,  and  limestones. 
These  deposits  are  characterized  by  the  following  fossils:  Mactra 
carabugasica  Andr.;  Mactra  subcaspia;  Cardium  Yog.  Andr.; 
Cardium  dombra  Andr.;  Cardium  eduleformis;  Potamides  cas- 
pius;  fishes. 

The  formations  are  classified  by  Professor  Andrussoff  as  belonging 
to  the  Akchagil  series,  their  thickness  being  from  125  to  175  ft. 

Under  these  series  lie  thick  gray,  blue,  and  brown  cla3rs,  sometimes 
with  sand,  also  thick  marls  interstratified  with  sands.  The  upper  part 
of  these  deposits  contains  marine  and  lacustrine  fauna  (Linms&us  arma- 
nensis  Naulet.,  Planorbis  cornu,  P.  costatus,  Glandina,  Succinea,  Para- 
cypris,  the  plant  Chara),  while  in  the  lower  part  no  fossils  have  ever  been 
found.    This  is  the  oil  measure,  some  5,600  ft.  thick. 

This  latter  is  underlain  by  sandy  clays  and  at  the  bottom  by  char- 
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acteristic  striated  clays,  in  their  turn  underlain  by  layers  of  siliceous 
limestone  containing  numerous  fossils  of  spirialis  species,  also  Lucina, 
the  fish  Leptolepis  and  scales  of  Meletta  crenata.  Farther  down  follow 
shaly  sandy  clays  with  remnants  of  Cedroxylon,  ferruginous  sands,  and 
dark  chocolate  clays  containing  fish  remains  (Amphisyle,  Lepidopus, 
scales  of  Meletta).  Then  at  last  are  found  shaly  clays  belonging  to  the 
lower  Tertiary,  probably  to  the  Oligocene. 

This  completes  the  succession  of  rocks  comprising  the  Apsheron  pen- 
insula, as  far  as  could  be  ascertained  up  to  now  by  means  of  boring  logs, 
samples  of  rock  from  drilled  wells,  national  outcrops,  and  the  prospecting 
work  carried  on  by  the  Geological  Committee. 

Both  the  Pliocene  and  Miocene  strata  are  dislocated,  leading  to  the 
formation  of  anticlinal  and  synclinal  folds  and  dome-shaped  uplifts, 
disturbed  in  their  turn  by  a  number  of  thrusts  and  faults  in  various 
directions. 

The  general  trend  of  all  uplifts  on  the  peninsula  corresponds  to  the 
direction  of  the  main  Caucasian  ridge  from  northwest  to  southeast.  But 
besides  this  upheaval  there  are  others  in  various  directions — ^viz.,  one 
in  a  west-east  direction  and  another  from  northeast  to  southwest.  These 
uplifts  in  various  directions  make  the  geotechtonic  of  the  peninsula  very 
complicated. 

As  an  example  of  typical  uplifts  in  the  shape  of  an  elongated  dome  we 
can  cite  the  Kirmaku-Balakhany-Sabunchy-Ramany  and  also  the  Bibi- 
Eibat  folds.  To  the  south  of  Ramany  we  meet  the  Surahkany  fold  and 
at  a  distance  of  1  mile  to  the  north  of  Bibi-Eibat  lies  the  Atashka-Shabana 
anticlinal,  of  a  north-south  direction.  Farther  westward  we  notice  a 
fold  beginning  from  Moimt  Lock  Botan  and  stretching  beyond  Mounts 
Kergez  and  Kizkala,  where  outcrop  to  the  siurface  the  strata  composing 
the  southern  and  western  wings  of  this  anticlinal.  In  the  northern  part 
of  the  peninsula  are  also  to  be  found  several  distinct  folds. 

Following  the  line  of  main  uplift,  we  notice  a  series  of  mud  volcanoes, 
many  of  which,  even  at  the  present  time,  spout  mud  and  water,  gases, 
and  petroleum.  The  natural  oil  issues  scattered  throughout  the  penin- 
sula, mainly  in  its  central  and  western  parts,  occiur  in  the  places  which 
have  been  mostly  subjected  to  the  influence  of  the  distiurbing  forces. 
Oil  has  been  observed  to  emanate  from  layers  of  all  the  above  described 
series  from  the  Akchagal  to  the  lower  green  clays.  However,  in  conmier- 
cial  quantities  oil  is  found  only  in  several  localities  and  its  accumulations 
are  dependent  on  some  specially  favorable  geological  conditions,  such  as 
are  presented  in  this  locality  by  the  dome-shaped  folds  of  the  Balakhany- 
Sabunchy-Ramany  and  Bibi-Eibat  fields. 

The  presence  of  petroleum  on  the  Apsheron  peninsula  around  Baku 
was  known  from  very  olden  times  and  the  local  Persian  population, 
before  and  after  the  Russians  came  to  the  country,  used  to  dig  shallow 
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wells  or  produce  the  oil  from  natural  seepages,  mostly  near  the  viUage 
Balakhany,  where  the  oil-bearing  strata  (since  extensively  worked)  rise 
very  close  to  the  surface.  In  an  eastern  direction  near  the  village  of 
Surakhany  the  natural  gas  used  to  escape  so  abimdantly  from  the  fissures 
of  the  earth  that  a  fire-worshipers'  temple  was  erected  on  the  spot,  where 
the  gas  burned  night  and  day  in  lofty  flaring  torches,  and  pilgrims  flocked 
to  the  temple  from  Persia  and  even  from  distant  India. 

The  first  borings  were  started  in  1870,  in  the  central  part  of  what  was 
later  known  as  the  Balakhany  fields,  close  to  the  hand-dug  tests,  and  the 
first  big  gushers  were  obtained  from  depths  averaging  120  to  350  ft.,  the 
oil  spouting  at  the  rate  of  some  30,000  barrels  per  day.  After  the  first 
successful  gushers  were  brought  in  the  boring  operations  extended  east- 
ward and  soon  spread  over  the  lands  of  the  adjoining  Persian  villages  of 
Sabimchy  and  Ramany,  all  three  lying  at  a  distance  of  some  10  miles 
inland  in  a  northwest  direction  from  Baku  city  (and  port  on  the  Caspian 
sea).  These  three  fields  have  since  borne  the  names  of  the  three  vil- 
lages, although  they  have  long  since  mei^ed  into  one  continuous  field 
coverii^  some  1978  acres.  This  is  the  territory  from  which  comes  the 
main  part  of  the  Russian  oil.  In  an  eastern  direction  from  these  lies  the 
Surakhany  field,  which  ever  since  the  fire-worshipers'  days  was  recognized 
as  a  very  good  gas  producer,  but  where  later  vsist  amounts  of  light  oil  have 
been  discovered  and  a  good  many  big  gushers  were  brought  in. 

Close  to  Baku  city  in  an  eastern  direction,  on  the  very  shore  of  the 
Caspian,  lies  another  small  but  very  productive  field — the  so-called  Bibi- 
Eibat  field.   '  Production  was  started  here  in  1880. 

The  Balakhany-Sabunchy-Ramany  fields,  and  the  Kirmaku  field 
adjoining  Balakhany  on  the  west,  which  although  worked  up  to  the  pres- 
ent only  by  hand-dug  wells  on  the  outcrops  must  be  discussed  as  a  whole 
with  the  others,  are  situated  in  the  central  section  of  the  eastern  end  of 
the  Apsheron  peninsula  on  a  slightly  undulating  tableland  stretching 
from  northwest  to  southeast.  The  country  slopes  here  from  northwest 
to  southeast  toward  the  former  Ramany  lake  (salt).  The  central  part 
seems  to  be  slightly  uplifted.  The  fields  as  a  whole  are  surrounded  by 
limestone  ridges  from  north,  east,  and  south,  rising  from  70  to  140  ft. 
above  the  surrounding  country.  The  highest  points  within  the  fields 
territory  are  the  mud  volcano  Bog-Boga  (287  ft.)  and  the  Kirmaku 
range,  with  a  summit  of  the  same  name  (330  ft.).  This  range  follows  a 
north-south  direction.  The  strata  dip  here  from  west  to  east  at  an  angle 
of  70°,  forming  an  anticlinal,  in  the  central  part  of  which  outcrop  to  the 
surface  the  lower  series  of  the  oil  measure,  composed  of  siliceous  limestone 
and  comprising  spirialis  specia.  These  siliceous  formations  are  overlain 
by  thick  oil-bearing  sands  with  thin  interlayers  of  clays  and  sandstone 
of  a  total  thickness  of  900  ft.  In  its  southern  part  the  Kirmaku  anticlinal 
bends  eastward  toward  the  Balakhany-Sabunchy-Ramany  fields.     On 
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these  latter  fields  the  strata  composing  the  oil  measure  form  a  wide 
quaquaversal  anticlinal,  the  strata  dipping  north,  northeast,  east,  south- 
east, and  south.  In  the  central  part  of  the  oil  fields  the  upper  layers  have 
been  washed  off  and  therefore  the  natural  denudations  or  artificial 
shafts  and  shallow  trenches  reveal  to  our  eyes  all  the  consequent  strata, 
beginning  from  Mount  Kirmaku,  in  an  eastern,  northern,  and  southern 
direction. 

The  thick  oil-bearing  sands,  which  are  outcropping  near  Mount 
Kirmaku,  are  the  lowest  pay  sands  in  this  part  of  the  oil  fields  and  these 
sands  are  worked  on  the  slopes  of  the  mountain  by  the  local  Persian 
villagers  by  means  of  shallow  hand-dug  wells.  These  sands  are  covered 
by  some  100  ft.  of  clays,  overlain  in  their  turn  by  some  300  ft.  of  sands 
and  sandstone  comprising  thin  streaks  of  pay  sands.  On  the  top  lie 
again  clays  about  200  ft.  thick.  These  are  followed  by  thick  water- 
bearing sand  and  sandstone  over  700  ft.  thick  and  again  some  400  ft.  of 
clays,  sand,  and  sandstone.  Farther  eastward,  a  series  of  oil  sands  inter- 
stratified  with  clays  and  barren  sands  outcrop  to  the  surface,  the  total 
thickness  being  some  600  ft.;  here  we  find  as  many  as  15  separate  and 
distinct  pay-sand  layers.  These  sands  are  worked  on  the  outcrops  by 
the  villagers  by  means  of  shallow  hand-dug  wells.  Still  farther  eastward 
sands  interstratified  with  sandstone  outcrop;  this  water-bearing  forma- 
tion is  700  ft.  thick.  This  thickness  is  overlain  by  a  series  of  pay  sands 
with  clay  interlayers,  barren  sands,  water-bearing  sands,  and  sandstones, 
of  a  total  thickness  of  1,300  ft.;  here  we  find  some  22  separate  pay-sand 
layers.  Over  it  we  meet  a  series  of  clays  and  sands  barren  ot  oil,  of  a  total 
thickness  of  some  600  ft.^  and  above  the  characteristic  Akchagil  layers, 
composed  of  dark  clays  with  interlayers  of  volcanic  ash  and  of  marls. 
The  Akchagil  is  overlain  by  clays,  marls,  sands,  sandstones,  and  lime- 
stones belonging  to  the  Apsheron.  The  middle  Apsheron  limestones,  as 
was  stated  above,  surround  the  producing  fields,  but  are  washed  off  in  the 
central  part.  The  Akchagil  series  rise  to  the  surface  from  under  the 
Apsheron  layers  in  the  northern  part  of  the  fields,  turn  southward,  and 
are  sporadically  met  with  in  the  southern  section  of  the  fields.  The  clays 
and  sands  overlying  the  pay-sand  beds  thin  out  westward  and  within  the 
limits  of  the  Balakhany  field  disappear  altogether,  and  the  upper  oil 
sands  are  met  here  quite  close  to  the  surface. 

It  is  evident  from  the  above  description  that  within  the  boundaries 
of  the  Balakhany-Sabunchy-Ramany  oil  fields  we  have  three  divisions 
of  oil-bearing  sands;  the  first  and  topmost  having  a  thickness  of  some 
1,225  ft.  together  with  the  interlying  clays,  while  the  thickness  of  the  pay 
sands  alone  reaches  some  600  ft.,  whereas  separate  pay-sand  beds  vary 
from  several  feet  to  70  ft.  This  first  division,  as  shown  above,  is  divided 
from  the  second  by  thick  water-bearing  sands  and  sandstones.  The 
second  oil  division  out  of  a  total  thickness  of  some  600  ft.  comprises 
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280  ft.  of  oil  sands,  and  at  last  we  come  to  the  lowest  and  thickest  Eir- 
maku  oil  division,  which  contains  hardly  any  barren  interlayers  at  all. 

Of  these  three  oil  divisions  only  the  first  has  been  extensively  worked, 
and  all  the  oil  which  has  been  obtained  from  these  fields  during  the  40 
years  since  the  first  boring  wells  were  sunk  here  has  been  produced  from 
these  600  ft.  of  oil  sand.  As  stated  before,  the  first  gushers  on  the  Balak- 
hany  field  were  brought  in  from  a  depth  of  120  to  350  ft.  At  the  present 
time  the  average  depth  of  producing  wells  at  Balakhany  is  over  900  ft. 
(minimum,  300  ft.;  maximum,  1,800  ft.)  and  the  production  has  been 
reduced  from  gushers  to  an  average  of  8,000  barrels  per  well  per  year, 
or  some  25  barrels  per  day. 

On  the  Sabimchy  field  the  average  depth  of  producing  wells  at  the 
present  time  is  about  1,200  ft.  We  know  from  the  description  and  the 
sketch  given  above  that  the  oil-bearing  layers  on  this  field  are  to  be  found 
under  a  greater  thickness  of  overlying  barren  beds,  and  the  depth  of  wells 
varies  from  about  700  to  2,300  ft.  We  shall  further  see  that  on  the 
Ramany  field,  which  lies  still  further  along  the  dip  of  the  strata,  the  wells 
have  to  go  down  to  still  greater  depths.  The  production  on  the  Sabunchy 
field  averages  55  barrels  per  well  per  day,  or  some  17,000  barrels  per  year. 
A  considerable  drop  of  production  has  been  noticed  here  during  the  last 
few  years;  10  years  ago  the  average  production  stood  at  45,000  barrels 
per  well  per  year. 

On  the  Ramany  field  the  avwage  depth  of  producing  wells  is  1,600  ft. 
(minimum,  1,000;  maximum,  2,450  ft.).  The  average  production  per 
well- per  day  is  110  barrels,  or  per  year  some  26,500  barrels,  whereas  some 
10  years  ago  the  yearly  production  per  well  was  80,000  barrels. 

Below  I  give  a  short  summary  of  the  Baku  production,  also  the  num- 
ber of  producing  wells,  average  production  per  well,  and  the  number  of 
gushers.  In  these  statistics  I  include  the  Bibi-Eibat  field,  which  will 
be  discussed  on  the  following  pages: 

Besides  the  above  mentioned  number  of  producing  wells  in  1913, 
about  500  wells  were  being  drilled  on  all  the  four  fields,  about  400  wells 
were  being  deepened  to  the  next  producing  stratum,  and  in  about  1,800 
wells  work  had  been  temporarily  stopped.  This  brings  the  number  of 
wells  on  all  four  fields  to  5,590. 

All  this  enormous  amount,  1,113,700,000  barrels  of  oil  on  the  three 
fields,  Balakhany-Sabunchy-Ramany,  has  been  drained  from  the  600  ft. 
thick  sands  of  the  first  oil  division.  The  second  oil  division  has  been 
only  lately  reached  by  a  few  wells  on  the  Balakhany  fields,  but  these 
wells  have  only  served  as  tests  and  no  oil  has  been  extracted  from  those 
still  virgin  beds;  the  wells  will  have  to  reach  a  depth  of  3,500  ft.  and 
deeper.  After  this  division  is  exhausted  we  have  still  the  deepest,  or 
Kirmaku,  oil  division.  Thus  we  see  that,  although  the  production  of 
oil  from  the  first  oil  division  threatens,  to  drop  from  year  to  year,  we 
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have  at  Baku  some  deeper  oil  horizons  which  are  practically  virgin 
ground.  We  shall  further  see  that  on  the  Bibi-Eibat  field  there  are 
also  unexhausted  deeper  horizons,  while  all  around  Baku  on  the  coast 
of  the  Caspian  and  further  inland  prospecting  work  reveals  new  oil- 
bearing  territories. 

The  Bibi-Eibat  field  lies  in  a  valley  of  the  same  name  stretching  from 
Cape  Bailoff  to  Cape  Shikhoff  at  a  distance  of  a  couple  of  miles  from  Baku 
city.  The  valley  extends  in  a  narrow  belt  for  a  mile  along  the  sea  coast; 
on  the  north  and  west  it  is  bordered  by  lofty  cliflFs  in  the  shape  of  a  horse- 
shoe. The  width  of  the  section  under  actual  exploitation  is  about  5,000 
ft.,  its  area  being  about  520  acres,  out  of  the  800  acres  comprised  in  the 
valley  limits.  The  general  incline  of  the  valley  is  from  northeast  to 
southwest. 

The  rocks  forming  the  Bibi-Eibat  valley,  as  elsewhere  on  the  Apsheron 
peninsula,  belong  to  the  post-Tertiary  and  Tertiary  formations.  The 
surrounding  cliflFs  are  shelly  limestone,  marl,  clay,  sandstone,  and  sand 
of  the  Apsheron  series. 

On  the  surface  we  find  horizontal  sheets  of  recent  Caspian  sediments 
overljring  the  lower  beds  of  the  Apsheron  series.  These  latter  reach  in 
diflferent  parts  of  the  valley  a  thickness  of  600  ft.  They  outcrop  in  the 
central  part,  where  they  are  washed  oflF  to  a  certain  extent.  The  Apsheron 
is  underlain  by  the  Akchagil,  of  a  total  thickness  of  some  175  ft.;  this  is 
supposed  to  stratify  unconformably  with  the  overlying  Apsheron  beds. 
The  Akchagil  is  underlain  by  a  number  of  interstratified  sands,  sandy 
clays,  clays,  and  marls,  composing  the  oil  measure,  which  has  been 
exhaustively  prospected  and  worked  by  numerous  wells  to  a  depth  of  2,500 
ft.,  while  several  wells  have  gone  below  2,800  ft.  Most  of  the  sand 
layers  are  saturated  with  oil  and  gas,  the  distinguishing  feature  being 
that  on  the  Bibi-Eibat  field  the  series  overlying  the  oil  measure  and  even 
the  Akchagil  beds,  which  are  always  barren  on  the  other  group  of  fields, 
are  mostly  impregnated  with  oil. 

Down  to  a  depth  of  about  2,900  ft.  we  meet  over  30  separate  oil-bear- 
ing sand  layers,  from  7  to  90  ft.  thick,  with  a  total  thickness  of  about 
600  ft.  In  the  upper  horizons  the  pay  sands  are  divided  by  impervious 
clay  interlayers.  The  number  and  thickness  of  these  clay  layers  decrease 
with  the  depth  and  the  oil  horizons  are  isolated  in  a  far  inferior  way  from 
the  circulating  water.  Below  the  2,900  ft.  prospecting  has  revealed  the 
presence  of  a  number  of  oil-bearing  sand  strata.  They  outcrop  in  the 
Jassamal  valley  about  1  mile  west  of  Bibi-Eibat  and  are  actually  worked 
by  shallow  hand-dug  wells  on  the  slopes  of  Mount  Shaban-dag. 

Long  observations  have  established  the  fact  that  at  Bibi-Eibat  in  its 
eastern  part  the  strata  dip  north-northeast,  east,  and  southeast,  and  in 
the  western  part,  southwest  and  south-southwest.    This  indicates  that 
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these  strata  had  been  uplifted  into  an  elongated  dome  with  its  axis  run- 
ning in  a  north-northwest  and  south-southeast  direction.  The  angle  of 
dip  is  V  to  22°.  The  strata  are  further  fractured  by  faults  chiefly  of  a 
northwest-southeast  direction,  but  also  running  from  northeast  to  south- 
west. The  origin  of  these  faults  is  the  subject  of  some  contro- 
versy. Some  authorities  maintain  that  the  formation  of  the  fold  is  due 
to  the  plicative  forces;  i.e.,  that  the  strata  were  uplifted  into  a  dome- 
shaped  anticlinal  and  the  faults  are  of  subsequent  formation,  especially 
as  they  do  not  reach  any  considerable  depth.  Other  geologists  are  of 
opinion  that  the  Bibi-Eibat  uplift  is  the  result  of  upward  faulting  (horsts) 
which  played  a  prominent  part  in  the  formation  of  the  field,  and  the  oil 
deposits  of  the  valley,  as  well  as  the  productiveness  of  the  various  sections, 
depend  on  the  presence  of  such  faults. 

As  stated  before,  the  Bibi-Eibat  field  has  been  worked  since  1880  and 
268,500,000  barrels  of  oil  have  been  drained  from  that  field.  The  average 
depth  of  wells  on  this  field  at  the  present  time  is  over  2,000  ft.  (minimum, 
1,400;  maximum,  2,900  ft.),  while  the  production  per  well  per  day  averages 
110  barrels  or  per  year  about  33,000  barrels,  having  dropped  during  the 
last  10  years  from  118,000  barrels. 

On  the  Bibi-Eibat  field  some  of  the  wells  show  up  to  now  a  consider- 
able gas  pressure,  and  in  sinking  wells  to  horizons  exceeding  2,000  ft. 
big  gushers  are  frequently  brought  in.  We  have  reason  to  believe  that 
the  deeper  strata,  below  2,900  ft.,  contain  virgin  oil  reserves. 

As  far  as  the  petrography  of  the  oil  fields  of  the  Baku  district  is  con- 
cerned, it  was  found  that  the  clays  overlying  the  producing  series  as  well 
as  those  interstratified  with  the  sand  layers  are  of  various  colors — black, 
gray,  blue,  different  shades  of  brown;  they  merge  into  one  another  and  in 
neighboring  wells  differently  colored  clays  are  found  at  corresponding 
depths.  The  clays  are  pure  or  with  an  admixture  of  sand.  Sometimes 
gravel  or  boulders  are  imbedded  in  clays.  Generally  the  clays  contain 
salt  and  lime. 

It  has  been  observed  that  at  Bibi-Eibat  as  well  as  on  the  Balakhany- 
Sabunchy-Ramany  fields  beds  of  clay  occur  extensively  in  the  upper 
horizons  and  often  reach  a  considerable  thickness,  while  in  the  lower 
horizons  sands  predominate. 

The  clay  layers  play  an  important  part  at  the  oil  fields,  as  they  are 
the  impervious  partitions  between  the  oil-bearing  and  water-bearing 
layers  and  the  water  is  usually  shut  off  in  these  clay  beds. 

The  sand  layers  interstratified  with  clays  are  recorded  in  boring  logs 
at  Baku  as  water,  gas,  or  oil  bearing  sands.  The  first  is  usually  grit 
which  is  frequently  water  bearing.  The  second  is  a  fine  sand  with  a  large 
admixture  of  clay.  The  third,  or  oil  sand,  is  a  fine-grained  sand  impreg- 
nated with  oil.  If  such  a  sand  is  barren  of  oil  it  is  recorded  as  oil  sand  or 
washed  oil  sand. 
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Oil  sands  from  some  of  the  wells  were  subjected  to  analyBis  and  it  was 
found  that  all  of  them  contain  quartz  and  mica  and  most  contain  carbon- 
ate of  lime.  Traces  of  copper  and  iron  p3rrites  were  discovered  in  some. 
In  one  case  a  feldspathic  mineral  was  observed,  in  another  rutile,  in  a 
third  case  a  single  crystal  with  the  character  of  beryl. 

Reference  has  been  made  above  to  the  water-bearing  sands  and  sand- 
stones, dividing  the  first  and  second  oil  divisions.  But  unfortunately 
this  is  not  the  only  water  horizon  at  the  Baku  fields.  Water-bearing 
layers  are  met  throughout  the  thickness  of  strata,  but  mostly  in  the  lower 
producing  horizons.  As  a  rule,  especially  in  the  lower  horizons,  all  barren 
sands,  or  those  from  which  oil  was  drained,  are  saturated  with  water, 
which  seems  to  take  the  place  of  oil  in  such  sands.  These  water-bearing 
sands  are  usually  incased  between  beds  of  clay  and  should  thus  be  well 
isolated,  except  for  the  numerous  faults,  which  cut  through  the  fields  in 
all  directions  and  serve  as  a  connection  between  the  water  and  oil  sand 
layers. 

On  the  Balakhany-Sabunchy-Ramany  fields  water-bearing  sands 
occur,  beginning  from  a  very  shallow  depth  of  some  70  to  100  ft.  and  con- 
tinuing throughout  the  whole  of  the  first  division,  while  at  Bibi-Eibat 
down  to  1,400  ft.  there  are  no  well-defined  water  layers;  abundant  water 
outflows  occur  in  lower  horizons,  especially  at  2,100  and  2,650  ft. 

The  water-bearing  sands  vary  not  only  in  different  parts  of  the  fields, 
but  even  on  the  same  plot  and  in  the  same  well,  in  consequence  of  var3ring 
admixture  of  clay,  the  proximity  of  faults,  the  character  of  the  over- 
lying and  underlying  strata,  etc. 

The  waters  circulating  in  the  strata  of  the  Baku  oil  fields  may  be  sub- 
divided into  surface  waters  and  deep-layer  waters,  which  in  their  turn 
may  be  subdivided  into  the  waters  of  upper  and  lower  horizons.  All  the 
waters  are  saline,  with  varied  contents  of  solid  matter.  The  surface 
waters  usually  contain  little  mineral  matter. 

The  waters  circulating  in  the  producing  strata  are  more  saline  than 
the  surface  waters  and  differ  from  them  in  the  chemical  composition  of 
the  solid  matter.  On  the  whole,  the  waters  are  less  saline  in  the  upper 
horizons,  the  contents  of  salt  increase  with  depth,  and  then  again  rise 
less  saline  waters,  which  often  serve  as  an  indication  of  the  rise  of  deep 
water  into  upper  horizons.  At  Bibi-Eibat  to  a  depth  of  2,500  ft.  the 
waters  vary  from  11**  to  9**  B6.,  while  below  the  density  drops  to  7.5**  and 
6**  B6.  All  the  waters  analyzed  contain  alkalies  (potassium,  sodium, 
magnesium,  and  calcium)  and  also  chlorine  and  carbonic  acid.  No  sul- 
phuric acid  has  been  discovered  in  the  waters  from  the  wells  of  the 
Balakhany-Sabunchy-Ramany  fields,  whereas  over  50  per  cent,  of  the 
Bibi-Eibat  waters  analyzed  contained  traces  or  larger  amounts  of  sul- 
phuric acid. 

These  and  similar  observations  are  of  the  highest  practical  importance, 
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as  very  often  they  serve  as  guides  in  tracing  the  origin  of  the  water  which 
floods  the  wells  in  one  or  another  part  of  the  fields.  Among  other  very 
important  identifying  data  we  must  mention  the  temperature  at  the  bot- 
tom of  the  various  wells.  On  the  Balakhany-Sabunchy-Ramany  field 
such  temperature  varies  between  19.8®  and  43.4°  C.  and  on  the  Bibi- 
Eibat  fields  between  34.2°  and  52.2°  C. 

Statistics  indicate  that  the  oil-bearing  strata  which  are  being  worked 
at  the  present  day  on  the  Balakhany-Sabunchy-Ramany  and  Bibi-Eibat 
fields  are  approaching  exhaustion.  Some  of  the  layers,  which  used  to  be 
oil  bearing  and  very  productive,  yield  very  little  oil  and  large  amounts  of 
water.  The  gradual  increase  in  the  depth  of  producing  wells  points  to 
the  same  fact.  At  the  same  time  we  see  that  the  upper  pay  sands  are 
drained  to  a  larger  extent  than  the  lower  beds. 

As  to  the  lower  horizons  of  the  Baku  oil  measure — i.e.,  the  second 
and  the  Kirmaku  divisions — ^these  may  be  considered  to  be  perfectly 
virgin. 

At  Bibi-Eibat  the  lower  horizons  of  the  oil  measure  are  also  very  rich 
in  oil,  as  the  seven  or  eight  wells  carried  down  below  2,800  ft.  brought  up 
oil  in  gushers. 

The  chief  difficulty  in  drilling  to  the  deeper  pay  sand  is  the  presence 
on  both  groups  of  fields  of  thick  water-bearing  sands  dividing  the  upper 
pay  sands  from  the  lower  virgin  strata;  besides  this,  the  thickness  of  clay 
layers  in  the  lower  horizons  is  considerably  less  than  in  the  upper  horizons 
and  therefore  with  the  increase  of  depth  the  isolation  of  water  from  the 
pay  sands  becomes  more  and  more  difficult.  The  third  obstacle  lies  in 
the  depth  at  which  these  lower  pay  sands  occur.  Over  the  greater  part 
of  the  area  under  actual  exploitation  the  depth  at  which  the  lower  pay 
sands  may  be  worked  is  from  2,800  to  4,200  ft.  It  is  evident  that  drilling 
to  such  depths,  considering  the  presence  of  thick  water-bearing  sands,  is 
far  from  being  an  easy  raatter.  But  no  doubt  the  improvements  which 
are  continually  introduced  in  drilling  methods  and  in  the  cementation 
of  wells  will  enable  the  Baku  producers  to  exploit  these  deep-lying  hori- 
zons, probably  in  the  very  near  future. 

In  conclusion,  I  must  draw  attention  to  the  fact,  that  the  Baku  oil 
field  is  one  of  the  most  remarkable  fields  on  the  face  of  the  earth.  We 
see  here  a  number  of  separate  pay-sand  layers  following  one  another,  all 
these  oil-bearing  beds  being  of  considerable  capacity.  Up  to  the  present 
time,  from  an  area  of  2,500  acres  these  oil  fields  have  produced  about 
1,400,000,000  barrels,  or  560,000  barrels  per  acre,  and  still  production 
continues  at  the  rate  of  about  52,000,000  barrels  per  year.  And  of  these 
2,500  acres  there  are  still  plots  of  Crown  lands  which  have  been  left  intact. 

This  enormous  accumulation  of  oil  on  such  a  comparatively  small 
area  is  due  to  the  very  high  holding  capacity  of  the  sands,  and  also  to  a 
very  favorable  geological  formation  of  the  locality — namely,  the  fact  that 
VOL.  xLvin. — 40 
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the  sand  layers  form  a  quaquaversal  anticlinal,  with  gently  dipping  strata 
on  the  wings. 

•Besides  the  Balakhany-Sabunchy-Ramany  and  Bibi-Eibat  fields, 
there  are  other  fields  on  the  Apsheron  peninsula  which  are  likely  to  prove 
very  good  producing  territory.  Thus  I  have  already  mentioned  the  Sur- 
akhany  field,  where  work  was  started  a  few  years  ago.  At  the  present 
time  this  field  produces  yearly  about  4,000,000  barrels  of  oil,  nearly  every 
well  sunk  to  1,400  to  2,100  ft.  proving  to  be  a  gusher.  The  area  of  this 
field  is  not  yet  defined,  but  we  have  abimdant  data  to  show  that  this 
field  is  also  a  dome-shaped  anticlinal  with  its  axis  running  in  a  north-south 
direction. 

A  few  miles  further  east  there  is  another  similar  dome-shaped  uplift 
where  prospecting  work  is  carried  on  at  present. 

In^he  western  part  of  the  Apsheron  peninsula  oil  has  been  found  in 
several  localities  and  prospecting  work  is  carried  on.  This  will  show 
what  we  have  to  expect  from  the  western  section. 
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Water  Introsion  and  Methods  of  Prevention  in  California  Oil  Fields 

BT  FRANKLTN  W.   OATM AN,  BBRXSLBT,   CAL. 
TNsw  YoBZ  Mbbtino,  Fbibttabt,  1914) 

In  order  that  the  conditions  which  obtain  in  an  oil  well  may  be  readily 
understood,  a  brief  description  of  a  typical  California  well  and  a  number 
of  the  phenomena  accompanying  same  will  be  given.  That  the  neces- 
sity for  the  exclusion  of  water  be  realized,  the  effects  of  water  intrusion, 
a  description  of  methods  of  prevention,  and  a  discussion  of  causes  of  failure 
will  be  presented,  followed  by  a  summary  and  recommendations. 

Fig.  1  shows  a  section  of  a  typical  well  which  illustrates  the  relation 
of  oil  sands  to  overlying  strata.  It  indicates  a  deep  water  sand  separated 
from  the  oil  sand  by  shale,  and  the  proper  place  for  the  final  shutting  off 
of  water.  In  this  well  a  comparatively  thick  stratum  of  compact  shale 
protected  the  oil  from  overlying  water  so  that  the  operation  of  landing 
the  water  string  was  a  simple  matter.  In  some  wells  the  protecting 
stratum  may  be  only  from  3  to  5  ft.  thick  and  very  careful  operation  is 
necessary  in  order  to  land  the  water  string  of  casing  properly  and  not 
puncture  through  to  the  oil  sand.  The  cases  just  cited  are  common, 
but  occasionally,  after  excluding  overlying  water,  prx>ductive  oil  sands  are 
drilled  through  in  the  expectation  of  finding  more  productive  imderlying 
sand,  and  a  Water-bearing  stratum  ia  tapped.  In  this  case  the  problem  is 
the  reverse  of  the  normal;  water  must  be  prevented  from  ascending  rather 
than  descending. 

A  discussion  of  well-drilling  methods  is  not  within  the  scope  of  this 
paper,  except  such  operations  as  pertain  to  shutting  off  of  water.  A 
brief  outline  of  the  several  conditions  which  may  accompany  drilling 
follows.  Some  or  all  may  be  present  in  any  particular  case.  The  direct 
relation  of  these  to  prevention  of  intrusion  will  be  discussed  in  detail 
further  on. 

In  drilling,  the  hole  becomes  more  or  less  irregular  in  shape,  and  rough, 
and  as  the  casing  follows  the  bit  into  the  well  it  does  not  fit  snugly  against 
the  walls.  As  a  result,  water  may  descend  between  the  casing  and  walls 
of  the  well.  If  a  circulation  pump  is  not  used  during  drilling,  the  hole 
is  simply  punched  through  and  the  pulverized  material  removed  from  the 
well  by  means  of  a  bailer.  If  circulation  is  maintained  there  is  a  continual 
flow  of  water  down  inside  the  casing  and  up  around  the  outside  between 
the  pipe  and  the  walls  of  hole.    This  keeps  an  open  space  around  the  pipe. 
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It  frequently  occurs  in  drilling  that  a  crooked  hole  results.  As  a  con- 
sequence, the  casing  may  press  tightly  against  one  side  of  the  hole  with 
considerable  free  space  on  the  other,  permitting  only  partial  circulation, 
although  water  may  pass  slowly  between  the  casing  and  the  compressed 
earth  on  the  side  that  is  binding. 

Alkali  water  is  encountered  in  many  wells  in  California  oil  fields,  near 
the  surface  and  at  considerable  depth.  Some  of  this  water  is  very  highly 
mineralized,  containing  large  amounts  of  sulphates,  and  much  hydrogen 
sulphide.  In  the  Coalinga  field,  for  example,  a  stratum  is  encountered 
not  so  very  far  above  the  oil  sands,  which  contains  a  black,  stinking 
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Fia.  1. — Partial  Log  of  a  Ttpical  Califobnia  Oil  Well. 


sulphur  water.  This  water  is  dark  colored,  heavy  with  sulphates,  and 
strong  in  hydrogen  sulphide.  A  number  of  failures  in  this  field  have  been 
attributed  to  the  presence  of  this  water.  The  relation  of  such  waters 
to  the  operation  of  cementing  oflf  will  be  discussed  under  failures  due  to 
alkali  water.  Very  hot  water  is  struck  in  some  places.  Its  eflfect  on 
cement  will  be  considered. 

In  case  oil  sand  is  struck  considerable  oil  may  collect  in  the  hole,  and 
later  affect  the  cementing  operation.  Gas  under  great  pressure  may 
be  encountered  and  tend  to  bubble  up  through  the  water  in  the  well. 
Opposed  to  gas  pressure  is  the  hydrostatic  pressure  of  the  water  column 
in  the  well. 
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Effect  op  Water  Intrusion 

Excluding  the  water  means  preventing  it  from  descending  or  ascend- 
ing into  the  oil  sands.  This  must  be  done  to  prevent  the  water  from 
flooding  an  oil  field.  In  a  short  time  not  only  the  well  admitting  water 
to  the  productive  measures  but  all  adjacent  wells  tapping  the  same 
sands  would  be  pumping  water  and  oil.  Added  to  this  is  the  constant 
menace  that  the  water  may  increase  to  such  an  extent  as  entirely  to  dis- 
place the  oil.  In  any  event,  the  influx  of  water  forces  the  gas  and  oil 
to  rise  in  the  productive  measures,  thereby  causing  a  serious  decline  in 
production. 

When  water  intrudes  an  oil  sand  the  effect  of  flooding  may  be  de- 
scribed as  follows: 

In  a  new  oil  field  where  the  gas  pressure  is  high  the  oil  is  under  pres- 
siu*e,  and  if  water  reaches  it,  the  latter  descends  with  difficulty,  forming 
an  emubion. 

In  an  older  field  where  the  gas  pressure  has  been  greatly  reduced  the 
water  passes  through  the  sand  more  readily  than  the  oil.  This  is  because 
water  has  less  viscosity  than  oil,  and  the  sand  offers  less  resistance  to  flow 
of  water.  In  such  a  case,  the  water  is  believed  to  flow  through  regular 
channels  which  it  forms  in  the  oil  sands.  A  proof  of  this  is  offered  in  the 
following  phenomenon,  the  experience  of  a  California  operator.  It 
became  necessary  to  repair  a  well,  formerly  productive,  which  tapped  a 
rich  oil  sand.  To  do  this,  the  casing  was  filled  with  water.  In  a  few 
hours,  adjacent  wells  tapping  the  same  oil  sand  began  to  pump  water, 
with  very  little  oil.  When  the  well  in  question  was  again  put  on  the  beam, 
it  pumped  water  for  some  time  and  gradually  the  oil  increased  in  amount. 
The  significant  fact  in  this  case  was  that  the  wells  pumped  little  or  no  oil, 
the  production  being  mostly  water,  although  they  still  tapped  a  rich  oil 
sand  formerly  productive.  As  soon  as  the  water  was  removed  the  oil 
production  became  normal.  From  this  can  be  recognized  the  grave 
danger  to  a  producing  field  by  flooding. 

It  sometimes  happens  that  in  a  region  of  producing  wells  a  new  well 
may  be  sunk  to  the  productive  sand  and  abandoned  for  some  reason 
without  proper  precautions  being  taken  to  prevent  water  from  descending 
and  flooding  that  sand.  The  owners  of  the  abandoned  well  may  not  be 
concerned  with  the  effect  on  adjacent  property,  but  the  production  of 
the  latter  will  certainly  suffer.  Therefore,  it  is  to  the  interest  of  all 
companies  in  the  California  oil  fields  to  co-operate  and  prevent  the  ruin 
of  their  property  by  flooding  resulting  from  careless  operation. 

Methods  op  Excluding  Water 

As  practiced  in  the  principal  California  oil  fields,  the  methods  of 
excluding  water  may  be  classed  as  temporary  and  permanent.    Perma- 
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nent  exclusion  may  be  obtained  by  forcing  the  lower  end  of  a  string  of 
casing,  called  the  water  string,  into  an  impervious  bed  above  the  oil  sand; 
or  by  placing  a  water-tight  body  of  cement  between  the  casing  and  the 
formation.  Of  these  two  methods  the  first  is  unsatisfactory  and  is  not 
to  be  considered  good  practice. 

Terrvpcrary 

Regular  or  special  well  packers  may  be  employed  to  prevent  tempo- 
rarily the  entrance  of  water  imtil  permanent  relief  can  be  found.  Such 
are  useful  in  instances  in  which  the  casing  may  be  punctured  above  the 
oil  sands  and  water  finds  entrance  to  the  productive  zone  through  the 
casing. 

Bags  of  flaxseed,  peas,  or  cereals  which  swell  greatly  on  absorbing 
water,  forming  a  compact  mass,  were  formerly  introduced  in  wells  to 
exclude  the  water  temporarily,  but  are  not  now  used,  the  cementing 
method  having  superseded  the  use  of  such.    ^^         N 

As  a  preliminary  step  to  cementing  a  well  in  which  gas  is  causing  severe 
agitation,  the  hole  should  be  bridged  by  ramming  in  broken  stone,  earth, 
etc.  A  method  successfully  used  by  some  operators  is  to  place  in  the 
hole  a  generous  plug  of  the  following  composition,  which  has  the  effect  of 
restraining  the  gas,  temporarily  at  least.  The  mixture  (parts  by  weight) 
is  composed  of  5  parts  red  lead,  2)  sand,  2  plaster  paris,  2  rosin,  and 
enough  boiled  linseed  oil  to  make  a  dense  paste.  The  mass  should  be 
allowed  to  set  in  the  well  about  24  hr.  before  proceeding  with  cementing. 

Permaneni 

By  Use  of  Drive  Shoe. — In  sinking  a  well,  a  steel  drive  shoe  is  attached 
to  lower  end  of  casing.  This  shoe  is  slightly  larger  in  external  diameter 
than  the  casing  and  has  a  cutting  edge.  Before  the  use  of  cement  it  was 
the  custom  to  land  the  water  string  in  some  compact  formation  located 
above  the  oil  measures  by  forcing  the  drive  shoe  into  that  formation. 
The  well  was  then  continued  with  a  smaller  drill,  the  casing  resting  on  a 
shelf. 

Although  this  method  has  been  used  in  some  California  fields,  where 
certain  special  conditions  obtain,  it  is  not  reliable  because  water  generally 
leaks  past  the  drive  shoe  and  passes  into  the  well.  This  method  may  be 
applied  in  other  fields  in  which  the  water  string  can  be  landed  in  an  un- 
fractured  sticky  clay  shale. 

The  drive-shoe  method  is  merely  mentioned  as  a  matter  of  historic 
interest.  The  cementing  method  of  excluding  water  has  replaced  the 
former  in  California,  because  it  has  been  found  to  be  the  only  satisfactory 
one  for  use  in  deep  wells. 
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By  Use  of  Portland  CemerU.— Since  the  above  methods  were  not  always 
effective,  nor  of  general  application,  a  search  for  some  means  to  obtain 
permanent  exclusion  resulted  in  the  use  of  Portland  cement.  It  has  been 
used  for  several  years,  and  when  properly  manipulated  should  give  the 
desired  result. 

The  methods  in  general  use  for  cementing  off  the  water  are  the  tub- 
ing, the  bailer,  and  the  Perkins.  The  object  of  any  cementing  operation 
is  to  obtain  a  compact  collar  of  cement  which  will  firmly  adhere  to  the 
casing  and  so  fill  sdl  voids  resulting  from  drilling  that  no  water  can  de- 
scend into  the  oil  sands.  The  operator  aims  to  land  the  string  of  casing 
in  a  compact  bed  of  shale,  which  is  impervious  to  water  and  capable  of 
sustaining  the  weight  of  casing. 

For  example,  in  the  Coalinga  field,  experience  has  shown  that  the  blue 
or  brown  shale  encountered  just  above  the  oil  sands  provides  a  most  suit- 
able final  landing  place.    Note  position  of  this  bed  as  shown  in  Fig.  !• 

Tubing  Method.— The  following  examples  illustrate  the  tubing 
method  of  cementing. 

Method  A. — At  the  point  where  the  water  is  to  be  shut  off  the  hole  is 
reamed  out  from  4  to  6  in.  larger  than  the  pipe  for  about  40  to  80  ft.  from 
bottom.  The  water  string  is  raised  a  foot  or  so  from  bottom  and  water 
pumped  down  inside  the  casing  and  up  to  the  surface  around  the  outside 
of  the  casing.  The  purpose  of  this  is:  To  assure  the  operator  that  there 
is  free  circulation;  to  wash  away  the  mud,  oil,  etc.,  from  the  sides  of  the 
casini;  and  the  hole,  so  that  cement  may  adhere  thereto;  to  open  the  space 
around  the  casing  so  that  a  complete  ring  of  cement  may  form.  This 
water  circulation  may  be  continued  for  a  considerable  period,  sometimes 
as  much  as  30  hr.  or  more,  to  clean  the  hole  thoroughly.  The  casing  is 
then  raised  2  to  6  ft.  from  bottom,  and  a  string  of  tubing  (3-in.  standard 
size)  with  a  swedge  nipple  on  the  lower  end  is  lowered  to  within  about 
2  ft.  of  the  drive  shoe.  A  cast-iron  disk,  or  a  packer,  fitting  close  to  the 
inside  of  the  casing,  is  also  on  the  bottom  of  the  tubing ;  this  is  to  prevent 
cement  from  backing  up  inside  the  water  string.  Cement  is  then  forced 
into  the  tubing  by  a  force  pump.  As  soon  as  all  the  cement  is  inside  the 
tubing,  a  wooden  plug  is  dipped  into  the  tubing,  and  is  forced  down  on 
top  of  and  following  the  cement  by  the  water  pump,  which  now  pumps 
water  after  the  plug  to  rinse  the  tubing  of  cement.  See  Fig.  2.  The 
pump  pressure  is  usually  about  250  lb.  when  the  plug  reaches  the  swedge 
nipple.  Circulation  is  then  stopped,  and  the  operator  knows  that  his 
tubing  is  free  of  cement.  The  water  string  is  then  set  on  bottom,  the 
casing  being  spudded  into  the  bottom  for  a  foot  or  so  to  prevent  cement 
from  rising  in  it.  The  well  is  allowed  to  stand  for  a  period,  varying  from 
10  to  28  days. 

The  time  of  miiriny  and  placing  cement  varies  with  the  operator. 
Some  companies  claim  to  be  able  to  mix  and  place  all  their  cement  in 
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from  30  to  40  min.;  other  compames  require  an  hour  or  more.  The  ele- 
ment of  time  ia  exceedingly  important,  aa  the  cement  must  be  placed  and 
allowed  to  settle  before  the  period  of  initial  set  has  been  passed. 

The  amount  of  cement  used  varies  from  2  to  10  tons,  according  to  the 
practice  of  the  operator  and  the  requirements  of  a  particular  case;  3  to  6 
tons  may  be  taken  as  the  average  amount  required. 

Cement  ia  mixed  with  enoi^b  water  to  make  the  mixture  of  the  con- 
sistency of  thick  gravy,  so  that  it  can  be  readily  pumped.  Either  neat 
cement  or  a  sand-cement  mixture  may  be  used,  the  former  being  the  most 


r"^ 


Fio.  3. — The  TnBiNO  Method  of  Cbmbntino  With  Boitom  Packeb. 


favored.  If  sand  is  to  be  employed,  10  to  15  per  cent,  may  be  added  when 
mixing.  For  neat  cement  the  amount  of  water  added  is  about  60  pif 
cent,  of  the  weight  of  the  cement. 

Method  B.— This  is  practically  the  same  as  Method  A,  but  the 
method  of  packing  the  bottom  of  the  casing  will  be  particularly 
described. 

The  hole  is  reamed  out  and  prepared  as  before.  The  water  string  is 
raised  a  foot  or  so  from  bottom  and  a  string  of  3-in.  tubing  lowered  therein. 
Attached  to  the  bottom  of  the  tubir^  ia  a  Graham  packer.  This  packer 
ia  made  of  cast  iron  with  outside  leather  packing  and  fits  snugly  against 
the  inside  of  the  casing.  It  contains  a  self-closing  clack  valve  opening 
downward.    Projectii^  from  the  lower  side  of  this  packer  are  three  forked 


WATEB  INTHUSION  AND  METHODS  OF  PKBVBNTION  633 

iron  strips,  as  shown  in  Fig.  3.  The  prongs  of  these  forks  are  compressed 
and  lie  in  the  inside  of  the  casing  during  descent,  but  spring  out  when  they 
pass  the  bottom  of  the  casing.  Then  on  pulling  Up  they  hook  on  to  the 
drive  shoe  of  the  casing,  and  the  operator  knows  that  he  has  reached  the 
bottom  of  the  hole.  A  wire  fastened  to  the  packer  keeps  the  valve  open 
during  descent  so  that  water  may  enter  the  tubing.  When  the  prongs 
are  pulled  up  on  reaching  bottom,  this  wire  is  broken  and  the  valve  closes. 
When  water  or  cement  descends  through  the  tubing  the  valve  can 
open,  but  pressure  from  below  will  close  it.  On  top  of  and  following  the 
cement  is  a  long  wooden  plug.  Water  is  pumped  down,  as  before,  on  top 
of  this  plug.    When  the  plug  reaches  the  valve  it  sticks,  and  the  pump 


Fia.  3. — TcBiNo  Method  of  Cementing  Ubinq  Grahau  Packer. 

pressure  rbes  so  that  the  operator  knows  that  the  tube  is  free  of  cement. 
The  well  is  then  allowed  to  stand  for  the  proper  period. 

There  b  a  left-hand  thread  between  the  bottom  end  of  tubing  and  the 
packer.  The  joints  of  tubing  have  right-hand  thread.  To  remove  the 
tubing,  the  strii^  is  turned  so  as  to  tighten  right-hand  joints,  and  this  will 
unscrew  it  at  the  bottom. 

When  drilling  is  resumed,  a  few  blows  from  the  bit  will  break  the  brittle 
cast-iron  packer  into  small  pieces,  which  soon  disappear. 

Method  C.^This  is  called  the  top-packer  method.  The  hole  is  pre- 
pared as  before  and  circulation  assured.  The  casing  is  suspended  from 
2  to  6  ft,  above  the  bottom  and  3-in.  tubing  is  run  in  to  within  2  ft.  of  the 
casing  shoe.  A  packing  head  is  then  placed  over  the  top  joint  of  tubing 
and  screwed  into  the  top  casing  coupling,  packing  off  the  space  between 
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the  caaing  and  the  tubing.  When  the  casing  is  filled  with  water  and  ce- 
ment is  pumped  in  through  the  tubing  it  cannot  rise  inside  the  cadog  and 
must  travel  around  the  shoe  and  up  on  the  outside. 

Bailer  Method. — In  this  method  the  bole  is  under-reamed  for  a  i^ 
tance  of  about  40  ft.  from  the  bottom  and  circulation  assured.    The 
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water  strii^  is  then  raised  about  10  ft.  from  bottom.  The  cemeat  is 
mixed  at  the  surface  as  before,  and  placed  in  a  large  bail^  arranged  vith 
a  special  trap  so  that  it  will  dump  on  reaching  bottom.  Usually  two 
loads  of  a  40-ft.  bailer  are  deposited  in  the  bottom  of  the  hole.  The 
casing  is  capped  and  then  allowed  to  drop,  forcing  the  cement  up  around 
the  casing  and  into  the  bottom  formation.  On  opening  a  tap  and  releas- 
ii^  the  pressure,  the  casing  sinks  to  the  bottom.  It  is  then  spudded  into 
the  bedding  formation.    See  Fig.  4. 

Some  companies  bail  the  cement  out  from  inside  the  casing  before  it 
sets;  others  allow  the  cement  to  set  and  then  drill  down  through  it  when 
extending  the  hole.  The  best  practice  is  to  bail  out  the  cement  if  the  cawog 
is  well  spudded  into  the  shale.  This  dispenses  with  the  necessity  of  drill* 
ii^  out  the  cement  from  the  interior  of  the  casing,  an  operation  liable  to 
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fracture  the  cement  collar.  Instances  have  been  known  where  the  bailer 
was  tripped  while  being  lowered,  but  such  seldom  occur. 

Perkins  Method. — ^The  Perkins  method  is  similar  to  the  tubing  method 
in  results,  and  has  been  successfully  used  in  California  fields.  The  follow- 
ing description  and  reference  to  Fig.  5  will  explain  the  operation. 

Circulation  is  first  made  sure  of.  A  cast-iron  packer,  A,  with  flexible 
rubber  disks  at  top  and  bottom,  is  then  floated  in  the  water  filling  the 
casing.  The  cement  is  mixed  and  pumped  into  the  casing,  forcing  the 
packer  down.  A  leather  cup  packer,  B,  is  placed  on  top  of  the  cement, 
and  on  continuing  the  pumping  the  charge  of  cement  is  forced  to  the  bot- 
tom between  the  two  packers.  When  the  lower  packer  reaches  bottom  it 
stops,  while  the  cement  is  forced  past  A  by  bending  of  the  rubber  disks. 
All  the  cement  can  be  thus  forced  into  the  hole  outside  the  casing.  When 
packer  B  reaches  packer  A  the  pressure  rises  at  the  pump  and  the  operator 
knows  that  the  cement  has  been  placed.  Pumping  is  stopped  and  the 
water  string  set  on  bottom.  The  well  is  allowed  to  stand  for  the  usual 
period. 

When  drilling  is  resumed,  packers  A  and  B  are  sbon  broken  by  blows 
from  the  heavy  bit  and  sinking  continued. 

m 

Discussion  of  Cemsnting  Methods 

The  success  of  all  cementing  methods  depends  upon  the  fact  that 
cement  grout  is  heavier  than  water  and  displaces  the  latter.  There  should 
be  a  long  collar  of  cement  around  the  casing,  no  matter  which  method  is 
used.  The  cement  collar  should  extend  some  distance  up  the  casing.  In 
some  cases  the  cement  runs  up  for  only  25  to  40  ft.  Instances  have  been 
known  where  it  has  been  forced  400  ft.  or  more  above  the  shujtting  off 
point.  The  tubing  and  Perkins  methods  are  similar  and  have  one  advan- 
tage in  that  the  large  amount  of  cement  used  coats  the  casing  for  some 
distance  above  the  bottom  of  the  hole.  As  this  coating  may  be  through 
the  water  semd,  the  cement  is  believed  to  form  an  effective  protective 
coating  against  deterioration  of  casing  by  ground  waters.  The  eating 
away  of  casing  by  chemically  active  waters,  resulting  in  passage  of  water 
to  the  oil  sand,  is  a  very  dangerous  condition  in  the  oil  fields.  This  is  a 
very  strong  point  in  favor  of  tubing  or  similar  methods. 

When  the  cement  has  been  allowed  to  harden,  the  well  is  bailed  dry. 
If  there  are  no  leaks  at  the  bottom,  or  through  holes  in  the  casing,  a  dry 
well  should  result.  Drilling  may  then  be  resumed.  If  unsuccessful, 
the  hole  must  be  re-cemented;  cases  are  on  record  where  it  has  been  found 
necessary  to  re-cement  from  two  to  eight  times. 

Either  the  tubing  or  the  Perkins  method  is  applicable  in  the  average 
case.  The  bailer  method  may  be  used  in  normal  cases,  and  also  when  it 
is  necessary  to  block  some  hole  ahready  existing,  or  in  closing  a  discarded 
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hole.  The  drive-shoe  method  is  applicable  in  a  compact  sticky  shale 
unfractured  by  heavy  drilling.  One  of  the  large  California  companies 
claims  to  have  wells  in  which  the  water  was  successfully  shut  off  by  use 
of  the  drive-shoe  method  10  years  ago,  and  which  are  still  water-tight, 
but  these  are  very  exceptional. 

Owing  to  the  rapid  eating  out  of  pipe  in  many  California  fields,  due 
to  bad  water,  it  is  of  the  highest  importance  that  as  far  as  possible  a 
thick  coating  of  cement  surround  the  water  string.  Many  operators 
to-day  are  advocating  the  following  operation  for  permanent  protection 
against  water  intrusion:  Sink  the  12-in.  casing  as  far  as  practicable  and 
then  cement  off  by  the  tubing  method,  forcing  the  cement  as  near  to  the 
surface  as  possible.  Then  land  the  10-in.  water  string  in  a  suitable  bed 
above  the  oil^sands,  cementing  again  by  the  tubing  method,  forcing  the 
cement  well  up  around  the  pipe.  Run  in  a  string  of  6-in.  casing,  land  it 
2  to  4  ft.  below  the  8  in.,  and  cement  the  space  between  the  6  in.  and  8  in. 
solid.  In  this  case  the  bottom  of  the  6  in.  is  only  a  few  feet  below  the  8 
in.  and  in  the  same  impervious  shale  bed.  If  this  method  is  adopted  the 
second  water  string  is  protected  by  a  heavy  ring  of  cement  and  if  properly 
done  the  well  should  last  for  many  years.  This  method,  or  a  modification 
thereof  to  meet  special  circumstances,  will  inevitably  be  adopted  in 
California  to  meet  the  demand  that  absolute,  permanent  exclusion  be 
secured. 

Discussion  of  Cement  and  its  Use 

The  necessity  for  exclusion  of  water  and  the  methods  in  general  use 
for  obtaining  this  result  having  been  presented,  the  causes  of  failure  of 
cementing  operations  and  means  of  reducing  failure  to  a  minimum  will  be 
discussed.  The  causes  of  failure  may  be  grouped  as  physical  and  chem- 
ical. The  first  group  includes  features  relating  to  physical  conditions  in 
a  well,  manipulation,  and  placing  of  cement.  The  second  group  deals 
with  the  chemical  behavior  of  cement  under  various  circumstances, 
notably:  Variation  of  properties  of  cement  by  varying  the  process  of 
manufacture;  effect  of  alkali  and  hot  waters. 

In  the  oil  fields  the  cement  used  is  required  to  give  a  very  dense,  com- 
pact mass,  rather  than  great  strength,  and  must  be  as  resistant  to 
decomposition  by  alkali  water  as  possible.  Chemists  have  thoroughly 
studied  the  cement  question,  and  the  results  of  their  investigations  are 
simimarized  below.  Free  lime  must  not  be  present  for  it  endangers  the 
quality  of  the  cement,  because  reactions  between  lime,  alumina,  and 
sulphates  form  a  compound  which  on  hydration  swells  and  bursts  the 
cement.  Therefore  a  necessary  qualification  for  cement  to  be  used  in  oil 
wells  is  that  there  must  be  no  free  lime,  especially  if  the  cement  is  exposed 
to  strong  sulphate  waters.    Magnesia  behaves  similarly  to  lime  in  reac- 
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tion,  and  may  hydrate  slowly  and  finally  cause  disintegration  if  present 
in  amounts  over  8  to  10  per  cent.  The  period  of  initial  set  is  influenced 
by  the  concentration  of  alumina.  An  increase  in  alumina  results  in  a 
rapid-setting  cement.  High  aluminous  cements  are,  however,  severely 
attacked  by  sulphate  water.  Iron  oxide  is  advantageous  in  cement  sub- 
jected to  strong  sulphate  waters  because  it  does  not  react  with  calcium 
sulphate  as  almnina  does,  resulting  in  disintegration.  Certain  iron-ore 
cements  have  been  shown  to  be  alkali-proof  and  disintegrate  very  slowly 
on  immersion  in  strong  alkali  water. 

Gypsum  may  be  added  to  regulate  the  time  of  setting.  Up  to  about 
2  per  cent,  it  retards  setting;  beyond  2  per  cent,  it  makes  the  cement 
quicker  setting.  The  amount  of  gypsum  should  be  low  in  a  cement  to 
be  used  in  alkali  water. 

The  Setting  of  Cement. — ^This  is  a  process  of  gradual  chemical  change 
arbitrarily  divided  into  three  periods:  (1)  Initial  set;  (2)  final  set;  (3) 
hardening.  The  important  condition  to  be  observed  in  cementing  a  well 
is  that  the  cement  shall  be  mixed  and  placed  in  the  well  and  have  time  to 
settle  into  a  imiform  mass  before  the  time  of  initial  set.  Suppose  a  well 
is  cemented  by  the  tubing  method,  and  that  the  cement  is  forced  up 
around  the  casing  for  a  considerable  distance  while  pumping.  The 
cement  is  then  allowed  to  settle,  provided  no  underground  currents  or 
gas  bubbles  keep  it  agitated.  If  the  time  of  initial  set  is  passed  before 
the  cement  settles  out  to  a  uniform  mass,  then  a  considerable  part  of  the 
usefulness  and  strength  has  been  lost.  The  success  of  the  work  now  de- 
pends on  the  final  set  and  hardening.  At  the  best,  this  will  result  in  a 
less  dense  and  less  resistant  product,  although  it  may  happen  that  it  is 
sufficient  for  water  exclusion  in  a  given  case.  Hot  or  alkali  water,  excess 
of  water  in  mixing,  and  other  points  which  affect  the  time  of  setting  will 
be  treated  further  on. 

Long  storage  may  increase  or  decrease  time  of  setting,  depending  on 
the  composition,  particularly  as  regards  amount  of  free  lime.  Some 
cements,  though  slow  setting  when  made,  become  quick  setting  on  storage. 
This  has  been  known  to  take  place  within  a  few  days.  After  longer 
periods  the  original  slow  setting  quality  may  return.  Trouble  of  this 
kind  is  characteristic  of  light  burned  cement  rich  in  alumina. 

The  amount  of  water  used  in  mixing  has  an  important  bearing  on  rate 
of  setting.  Up  to  a  certain  Umit,  the  more  water  used  the  more  the  time 
of  setting  is  increased.  The  limit  comes  at  about  60  per  cent,  by  weight 
of  water,  at  which  point  the  cement  mixture  is  saturated. 

Since  in  cementing  a  well  by  any  of  the  methods  previously  described 
a  large  excess  of  water  is  used  in  mixing,  it  is  evident  that  the  amount  of 
water  finally  in  the  mixture  when  in  place  is  about  60  per  cent.  In  this 
event  the  time  of  both  initial  and  final  set  has  been  greatly  prolonged  be- 
yond the  time  of  setting  under  normal  surface  conditions.     This  fact  is 
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of  importance  to  the  operator  because  the  cement  has  a  longer  time  in 
which  to  settle  during  the  period  of  initial  set.  .  ^ 

Ck)nsiderable  experimental  work  has  been  done  by  many  investigators 
to  determine  the  effect  of  various  salts  on  rate  of  setting.  Calcium 
chloride,  CaCl2,  decreases  time  of  set,  and  if  over  2  per  cent,  by  weight 
is  used  is  likely  to  so  hasten  the  set  as  to  make  the  cement  difficult  to 
handle.  The  use  of  i  per  cent,  of  sal  soda,  NaaCOs,  has  been  found 
effective  in  hastening  the  set  in  wells  troubled  with  gas. 

Since  hot  water  is  encountered  in  many  oil  fields,  its  effect  on  cement 
is  worthy  of  notice.  In  general  it  may  be  stated  that  the  time  of  setting 
decreases  with  increasing  temperature.  The  following  experiment  illus- 
trates this: 


Neat  Cement,  40  Per  Cent.  Water 

Temperature,  degrees  F 84        110  142 

Time  of  initial  set,  hours 6  3}  2} 

Time  of  final  set,  hours 8  5i%  3} 

The  temperature  of  water  in  oil  wells  has  been  known  to  go  as  high  as 
60°  C.  or  more,  which  corresponds  to  140**  F.  The  above  results  show 
that  at  142°  F.  the  time  of  setting  is  less  than  half  what  it  was  for  what 
may  be  considered  the  normal  temperature. 

It  is  therefore  important  to  know,  when  cementing  a  well,  whether 
hot  water  will  be  encountered.  If  so,  its  effect  on  time  of  setting  should 
be  considered. 

The  following  table  shows  the  effect  of  gypsum  on  time  of  initial  set  of 
cement  with  26  per  cent,  water: 

Time  of  initial  set,  in  minutes 

Amoimt  of  gypsum,  per  cent.. .       0 

Sample  A 4 

Sample  B 232 

The  advantage  of  finely  ground  cement  for  oil-well  work  is  a  question 
open  to  discussion.  Fine  grinding  varies  the  soundness  and  rate  of 
settlement.  Finely  ground  cement  if  composed  of  particles  of  diff^ent 
relative  size,  so  as  to  render  the  voids  negligible,  will  make  a  more  dense 
product,  less  pervious  to  water.  The  effect  of  ^fine  grinding  on  time  of 
initial  set  may  be  well  illustrated  from  the  following  table  prepared  by 
Richard  K.  Meade.^ 


1 

2 

3 

6 

258 

287 

268 

84 

477 

460 

425 

40 

^  Proceedings  of  American  Society  for  Testing  McAeriaU,  vol.  viii,  p.  410  (1908). 
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Percentage  Paanng  a  No.  200  Sieve 


75 

80 

85 

90 

95    100 

No.  of  Sample 

Time  of  Initial  Set,  in 

Minutes: 

1 

256 

246 

192 

75 

12     2 

2 

106 

106 

100 

100 

22     6 

3 

120 

116 

100 

96 

60    36 

4 

240 

200 

182 

115 

60    30 

6 

240 

210 

110 

65 

•16     5 

Since  cement  may  have  its  time  of  initial  set  decreased  by  fine  grind- 
ing, it  may  be  advantageous  to  secure  such  cement  for  use  in  oil  wells 
(as  those  troubled  with  gas),  in  which  it  is  desirable  to  have  the  cement 
set  rapidly.  Finer  grinding  increases  the  sand-carrying  capacity  of 
cement,  which  is  advantageous  in  cases  where  sand  is  added  when  cement- 
ing a  well.  The  brands  of  cement  most  used  in  California  oil  fields  will 
pass  about  97  per  cent,  through  a  100-mesh  screen,  and  80  to  85  per  cent, 
through  a  200-mesh  screen.  ^    l 

Summarizing,  finely  ground  cement  should  be  advantageous  in  cement- 
ing a  well,  for:  It  sets  quicker,  more  completely,  and  is  more  active; 
it  forms  a  sounder  and  more  dense  mass  with  greater  resistance  to  action 
of  decomposing  alkaline  water;  it  is  less  permeable  to  water  under  high 
pressure;  it  can  carry  more  sand.  But  it  costs  more,  may  be  harder  to 
procure,  and  may  increase  laitance  under  conditions  effective  in  wells. 

Alkali  Water 

Alkali  water  is  encountered  in  the  oil  fields  of  California.  In  fact  most 
of  the  water  to  be  shut  off  is  mineralized  to  a  greater  or  lesser  degree. 
In  some  places  the  water  is  very  heavy  with  sulphates.  Reference  has 
already  been  made  to  the  "Big  Sulphur  Water  of  Coalinga,"  which  is 
claimed  to  be  the  cause  of  a  number  of  failures  in  that  field. 

There  has  been  much  discussion  as  to  whether  most  failures  are  due 
to  presence  of  alkali  water  or  to  physical  conditions.  The  questions 
asked  by  oil  men  are:  Will  strong  alkali  water  prevent  the  cement  from 
setting  in  the  well?  Will  such  water  cause  later  disintegration  of  cement, 
resulting  in  failure  of  the  cementing  operation? 

Let  us  see  if  strong  alkali  water  will  prevent  the  proper  setting  of 
cements  To  do  so,  consider  the  case  of  an  ideal  well.  Suppose  that  no 
conditions  such  as  presence  of  gas,  oil,  mud,  crooked  hole,  etc.,  prevail  to 
prevent  setting,  except  that  an  exceedingly  strong  sulphate  water  is  to 
be  cemented  off.  Also,  suppose  the  cement  properly  placed  before  the 
time  of  initial  set.  Under  these  ideal  conditions,  if  the  cement  fails  to 
set,  such  failure  may  be  attributed  to  the  action  of  alkali  water.    It  is 
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known  that  the  principal  injurious  substances  in  such  water  are  sulphates. 

Such  ideal  conditions,  except  for  hydrostatic  pressure,  were  produced 
in  the  laboratory.  Western  State  "Cowboy"  brand  cement,  which  is 
much  used  by  oil  men  in  California,  was  chosen  and  tested  in  solutions  of 
sodium  sulphate.  Solutions  of  Na2S04  of  1,  5,  10,  and  20  per  cent, 
strength  were  prepared  in  large  beakers  holding  about  a  liter.  Cement 
sludges  containing  40  per  cent,  by  weight  of  the  above  water  solutions 
were  mixed.  Each  was  poured  through  a  tube  to  the  bottom  of  the 
beaker  containing  the  solution  of  same  strength  as  was  used  in  mixing  it 
This  was  similar  to  cementing  by  the  tubing  method.  After  setting  for 
24  hr.,  the  tests  were  examined.  All  set  perfectly,  except  that  there  was 
considerable  laitance  on  the  surface,  and  that  the  upper  part  of  the 
cement  was  somewhat  softer  than  is  normal.  This  latter  may  have  been 
due  to  delay  in  hardening  due  to  presence  of  the  salts  in  the  water,  and 
to  a  large  amount  of  water.  The  tests  were  e^mined  from  time  to  time. 
The  cement  gradually  hardened,  giving  off  much  free  lime,  which  on  oxi- 
dation gave  a  crust  of  CaCOs  on  the  surface.  After  six  weeks,  the  tests 
were  all  about  the  same  in  hardness,  and  showed  no  visible  signs  of  deteri- 
oration. If  continued  long  enough,  no  doubt  the  cement  immersed  in 
the  strong  solutions  of  Na2S04  would  have  swollen  and  disint^rated. 
Tests  on  briquettes  immersed  in  a  5  per  cent,  solution  of  NasSOi  for  six 
months,  resulted  in  complete  disintegration  of  some,  and  fatal  swelling 
and  bursting  in  others. 

The  above  experiments  prove  that  a  good  cement  will  set  in  a  very 
strong  solution  of  a  typical  sulphate  water,  and  will  harden.  If  freely 
exposed  to  action  of  such  water,  however,  the  cement  may  disintegrate 
completely  if  in  a  small  mass.  If  cement  will  set  as  described  above,  it 
should  set  and  harden  in  the  ideal  well  described.  Whether  or  not  the 
cement  may  be  sufficiently  decomposed  later  by  the  sulphate  water  to 
permit  water  to  work  through  the  mass  is  a  question  for  further  discussion. 

If  after  a  well  is  cemented  and  allowed  to  stand  for  the  proper  setting 
period,  it  cannot  be  bailed  dry  inside  the  casing,  but  leaks,  the  operation 
is  a  failure.  Evidence  presented  proves  that  the  failure  is  not  due  to 
prevention  of  setting  by  the  action  of  the  sulphate  water.  Therefore  it 
must  be  due  to  other  causes.  It  is  possible  that  the  great  hydrostatic 
pressure  of  the  ground  water  may  be  the  determining  factor  in  such  cases, 
but  I  believe  that  such  pressure  is  much  more  likely  to  be  effective  later 
on  in  aiding  disintegration. 

Cement  will  likewise  set  in  hot  alkali  water,  although  the  period  of 
setting  is  greatly  decreased  with  increase  of  temperature,  as  already 
shown  in  the  discussion  on  cement. 

The  disintegrating  effect  on  cement  of  a  large  number  of  salts  has  been 
studied,  and  the  cause  of  disintegration  has  been  explained  by  Le  Chate- 
lier  and  others.    The  study  of  alleged  failures  due  to  alkali  water  is  more 
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difficult  in  the  case  of  an  oil  well  because  of  the  inaccessibility  of  the  work 
and  the  great  hydrostatic  pressure. 

Thorough  investigation  has  revealed  the  fact  that  the  direct  cause  of 
disintegration  is  the  presence  of  the  sulphate  ion  resulting  from  presence  of 
such  salts  as  Na2S04,  KtSOi,  MgS04i  CaSOi.  Other  salts  have  only  a 
trifling  effect,  if  any.  Le  Chatelier's  theory  of  disintegration  is  as  fol- 
lows: When  cement  hardens,  CaO  is  liberated,  which  becomes  Ca(OH)«. 
This  reacts  with  the  SO4  present  in  the  water  to  form  CaSOi,  which  in 
turn  reacts  with  the  calcium  aluminate  of  the  cement  to  form  a  lime- 
sulph-aluminate,  which  swells  greatly  on  hydration,  with  great  increase 
in  volume,  causing  disintegration  of  the  cement.  The  composition  of 
this  substance  is  believed  to  correspond  to  a  lime-alum:  CaAl2(S04)4. 
24H2O.     The  crystallizing  force  of  this  substance  is  enormous. 

Le  Chatelier  states  that  the  extent  of  the  disintegration  varies  directly 
as  the  percentage  of  alumina  present  in  cement.  Cement  containing  1 
to  2  per  cent,  of  AUOg  is  practically  unaffected.  Cement  containing  7  to 
8  per  cent,  of  AI2O3  swells  rapidly  and  disintegrates.  He  replaced  the 
alumina  in  cement  by  oxides  which  do  not  react  with  CaSOi,  such  as 
oxides  of  iron,  chromium,  and  cobalt.  The  resistance  to  action  of  sul- 
phates was  then  much  increased.     Iron  oxide  gives  the  best  effect. 

Many  analyses  have  been  made  of  surface  alkali  waters  and  their 
disintegrating  effect  on  cement  has  been^  studied.  For  purposes  of  com- 
parison typical  analyses  of  strongly  alkaline  well  and  surface  waters  are 
given.  As  typical  of  a  strong  alkali  surface  water  which  has  caused  great 
destruction  of  concrete,  the  following  is  an  analysis  of  water  from  the  Sim 
River  project,  Great  Falls,  Mont.  The  analysis  is  quoted  from  an  article 
by  J.  Y.  Jewett.* 


Substance  Parts  per  million 

CaSOi 1,690 

MgS04 6,870 

MgHiCOi 305 

MgCl, 192 

KCl 20 


Total  solids.   9,077 

Ignition  loss 222 


An  analysis  of  well  water  from  the  "Big  Sulphur  Water"  of  Coalinga 
oil  fields  is  given  as  typical  of  those  encountered  in  California  which 
may  act  upon  cement  in  a  well  and  tend  to  cause  disintegration. 


'  Proceeding  0]  American  Society  for  Testing  Materiale,  vol.  viii,  p.  480  (1908). 
VOL.  XLVin.— 41 
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Substance  Parts  per  million 

NaCl 1,010 

KjSOi 170 

Na£04 1,435 

CaS04 ,        141 

MgS04 

CaCO, 153 

NasCOt 

MgCOi 86 

Total 2,995 

HjS Much 

It  is  noticeable  that  the  water  of  some  oil  wells  is  highly  mineralized, 
but  in  general  the  percentage  of  sulphate  does  not  nm  as  high  as  in  the 
water  from  Great  Falls.  There  is  little  doubt  but  that  the  water  in  some 
wells  is  rich  enough  in  sulphates  to  decompose  the  cement  under  conditions 
similar  to  those  acting  on  the  surface.  Conditions  in  a  well  are  favorable 
to  rapid  disintegration,  since  the  great  hydrostatic  pressure  tends  to  force 
the  water  into  the  pores  of  the  cement. 

It  is  quite  probable  that  disintegration  of  cement  does  take  place,  but 
as  an  after  effect.  To  further  emphasize  the  fact  that  strong  alkali  water 
has  little  to  do  with  the  original  failure,  the  following  case  is  quoted  from 
the  experience  of  a  Coalinga  operator. 

A  failure  was  reported  in  which  fragments  of  cement  were  brought  to 
the  surface  accompanied  by  black  sulphur  water.  The  cement  was 
said  to  be  ''very  porous  and  broken  up,  as  if  it  had  swollen  and  burst." 
This  may  appear  to  be  a  case  of  failure  due  to  disintegration  by  sulphate, 
but  it  later  appeared  that  there  was  free  gas  at  the  bottom  of  the  well. 
The  phenomenon  was  probably  due  to  action  of  gas  in  the  weU,  and  will 
be  further  discussed  under  failures  due  to  gas.  This  is  em  illustration  of 
a  number  of  failures  which  have  been  wrongly  credited  to  action  of  alkali 
water. 

In  summarizing  briefly  the  relation  of  failures  in  any  well  to  alkali 
water,  it  may  be  said: 

1.  Cement  will  set  without  regard  to  concentration  of  the  alkali  in 
water. 

2.  Conditions  appear  very  favorable  for  later  disint^ration  of  cement, 
especially  as  regards  effect  of  pressure,  unless  retarded  by  secondary 
action. 

3.  With  a  large  sound  collar  of  cement,  later  disintegration  will 
proceed  slowly,  because  of  the  size  of  the  collar. 

4.  The  use  of  alkali-^proof  iron  oxide  cement  will  reduce  the  chances 
of  disintegration  to  a  minimum;  also  lime  and  g3rpsum  should  be  within 
the  proper  limits. 

5.  Most  failures  are  due  to  other  causes  than  presence  of  alkali  water. 
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ClBCXTLATION 

The  object  of  circulating  water  down  inside  the  casing  and  up  around 
the  outside  is  to  clean  out  th^  hole.  If  the  circulation  can  be  made,  the 
operator  knows  that  there  is  a  certain  amount  of  free  space  around  the 
casing,  but  this  does  not  prove  that  the  casing  is  entirely  free  from  contact 
with  the  wall.  The  lower  part  of  the  hole  is  usually  under-reamed  larger 
for  a  considerable  distance  from  the  bottom,  as  explained.  This  lessens  the 
chances  of  contact  between  pipe  and  ground. 

Since  the  object  in  cementing  is  to  get  a  long  tight  collar  of  cement 
entirely  inclosing  the  casing,  it  is  necessary  that  the  pipe  be  free.  When 
drilling,  much  fine  mud  is  formed.  This  must  be  removed  before  cement- 
ing, so  as  to  leave  the  casing  clean,  and  to  leave  the  walls  of  the  hole 
rough  and  free  from^sediment.  If  this  is  done  properly,  the  cement  will 
then  adhere  tightly  to  the  casing  and  completely  fill  the  surrounding 
space  and  get  the  proper  purchase.  Should  there  be  a  coating  of  oil  on  the 
casing,  such  may  be  removed  by  circulation. 

If  the  mud  is  not  properly  removed,  when  the  cement  is  forced  through 
it,  the  two  may  be  more  or  less  mixed.  This  is  fatal  to  the  prpper 
setting  of  cement,  which  may  even  not  set  at  all. 

It  sometimes  happens  during  drilling  that  the  hole  may  get  slightly 
out  of  line,  and  so,  when  cased,  the  pipe  may  be  in  contact  on  one  side,  and 
free  on  the  other.  Or  blocks  of  ground  may  drop  in  from  the  wall  and 
press  against  the  casing.  When  circulating,  therefore,  the  water  must 
dodge  these  obstacles.  It  naturally  takes  the  path  of  least  resistance,  and 
so  the  trouble  sometimes  is  that  it  wears  out  a  spiral  passage  through  the 
mud,  only  partly  removing  it.  Long-continued  circulation  will  tend 
to  increase  the  size  of  the  channel,  which  is  imperative  for  success. 

Cases  are  known  in  which  the  cementing  work  was  a  failmre,  because 
of  this  partial  cleaning  of  the  hole.  In  one  instance  of  failure,  the  oper- 
ator, upon  pulling  the  casing  and  examining  it,  found  a  sort  of  spiral  band 
of  cement  around  and  adhering  very  tightly  to  the  casing.  The  cement 
had  set  well,  and  was  hard,  although  the  water  in  the  well  was  strongly 
alkaline.  In  this  case  it  was  evident  that  the  circulating  water,  instead  of 
washing  out  all  the  mud,  took  the  path  of  least  resistance  and  wore  out 
a  channel  for  itself.  Since  the  cement  was  forced  up  in  liquid  condition, 
it  naturally  followed  the  path  formed  by  water  circulation.  When  it 
hardened,  it  only  partly  filled  the  original  hole,  the  remainder  being 
occupied  by  mud.  This  mud  was  evidently  very  pervious  to  water,  which 
flowed  through  it  to  the  bottom.  Under-reaming  and  long-continued 
circulation  probably  would  have  made  the  work  successful. 

MixiNQ  AND  Pumping  of  Cement 

It  is  necessary  that  the  cement  be  placed  as  soon  as  possible  after 
mixing.    The  usual  time  for  the  complete  operation  of  mixing  and  placing 
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the  cement  is  about  one  hour.  There  is  a  possibility  that  the  initial  set 
will  take  place  before  the  cement  has  been  pumped,  and  therefore  it  is 
desirable  to  place  it  rapidly,  so  that  it  will  have  as  long  a  time  as  pos^ble 
to  settle  completely  around  the  casing  before  the  end  of  period  of  initial 
set.  If  a  good  brand  of  cement  is  used,  the  time  of  setting  of  which  has 
been  previously  determined,  failure  is  not  likely  to  occur  owing  to  pre- 
mature setting  if  the  cement  is  quickly  mixed  and  placed. 

If  the  cement  is  mixed  by  hand,  six  to  eight  men  can  thoroughly  mix 
a  batch  of  about  5  tons  in  from  10  to  15  min.,  stirring  with  hoes.  A  mixing 
box  7  by  12  by  2  ft.  will  hold  about  8  tons  of  cement.  Water  may  be 
furnished  from  a  large  storage  tank  and  run  to  the  box  direct,  or  a  line  of 
hose  with  a  small  nozzle  may  be  connected  to  a  pump.  After  the  cement 
is  mixed,  it  is  run  through  a  screen  into  a  small  tank,  with  a  6-in.  suction 
to  the  cement  pump.  Some  operators  use  the  same  pump  for  circulation 
and  pumping  the  cement;  others  prefer  one  for  water  circulation  and 
another  for  cement.  The  type  of  pump  in  general  use  is  the  10  by  5  by 
12  in.  duplex  mud  pump  commonly  found  in  the  oil  fields.  It  is  con- 
nected to  the  tubing  by  a  section  of  2}  or  3  in.  pressmre  armored  hose. 

If  a  mechanical  mixing  machine  is  used  the  cement  can  be  more  quickly 
and  uniformly  stirred  than  by  hand.  A  continuous  mixing  machine  is 
to  be  recommended,  because  it  insures  steady  flow,  reducing  the  time  of 
placing.  A  rotary  screw  mixer  is  the  type  suggested.  Most  cement  is 
hand  mixed  as  described  and  generally  gives  satisfaction. 

As  regards  pumping,  it  is  important  that  the  pumps  be  stopped  as 
soon  as  the  cement  charge  is  placed,  so  that  the  charge  ynH  act  as  a  uiut 
and  the  cement  will  not  be  required  to  settle  through  a  long  colunm  of 
water,  and  so  lose  its  homogeneity.  Provision  may  be  made  for  this  by 
pumping  just  enough  water  after  the  cement  to  fill  the  pipe  and  clear  it 
of  cement,  the  quantity  having  been  previously  measured.  Or  the  pump 
may  be  stopped  when  the  pressure  rises,  indicating  that  the  packer  or  the 
plug  following  the  cement  charge  has  reached  bottom. 

Any  method  which  will  decrease  the  time  of  mixing  and  placing  the 
cement  is  highly  desirable  and  every  effort  should  be  made  to  accomplish 
this  in  the  least  possible  time. 

Effect  of  Oil  and  Gas 

In  cementing  the  average  well  in  a  field  which  has  been  developed 
to  some  extent,  interference  due  to  the  presence  of  oil  or  gas  is  not  Ukely 
to  arise,  because  the  water  is  cemented  off  before  reaching  the  productive 
oil  sands.  At  times  minor  oil  or  tar  sands  are  passed  through,  before 
reaching  the  main  productive  measures,  which  may  affect^the  cementing 
operation. 

In  new  fields  where  the  exact  relation  between  water  sands  and  oil 
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sands  has  not  been  determined,  the  productive  measures  may  be  drilled 
through  in  the  expectation  of  finding  more  productive  ones  below,  and 
water  encountered  instead.  To  prevent  flooding,  this  water  must  be 
excluded,  and  this  is  often  a  difficult  operation,  especially  if  the  lower 
water  sand  is  very  close  to  the  oil  sand.  In  this  case  oil  and  gas  may 
cause  great  trouble  and  even  prevent  cement  from  setting. 

Experiments  were  conducted  to  determine  what  effect  oil  might 
have  on  the  setting  of  cement.  To  water  mixtures  of  cement,  different 
percentages  of  heavy  crude  asphalt  oil  were  added  and  thoroughly  stirred 
in.  It  was  f oimd  that  a  uniform  mixture  resulted,  and  the  oil  did  not  tend 
to  separate  readily.  Tests  mixed  as  above  containing  7,  10,  and  20  per 
cent,  were  poured  under  water  and  allowed  to  set.  The  time  of  setting 
was  considerably  lengthened,  but  the  cement  set,  and  hardened  as  in  any 
other  case. 

A  cement  sludge  containing  40  per  cent,  water  was  mixed  and  poured 
into  a  vessel  of  crude  petroleum.  This  cement  set  extremely  slowly. 
After  24  hr.  it  was  still  very  slushy.  A  second  charge  was  then  poured 
on  top  of  the  first  and  both  allowed  to  harden.  After  seven  days,  the 
cement  was  removed  for  examination.  There  was  a  distinct  j  oint  between 
the  two  charges  of  cement,  and  they  were  easily  separable.  On  breaking, 
the  inside  of  the  cement  was  found  to  be  stained.  The  oil  was  intensified 
in  places,  giving  a  spotted  appearance.  The  cement  was  hard  and  com- 
pact except  for  the  cleavage  plane  between  the  two  charges. 

The  results  of  this  experiment  show  that  cement  will  set  immersed 
in  oil,  provided  there  is  sufficient  water  used  in  mixing.  The  cement  will 
be  permeated  by  oil.  In  case  a  film  of  oil  is  spread  over  a  surface,  the 
cement  will  not  attach  itself  firmly  to  that  surf  ace,  because  the  skin  of 
oil  results  in  the  formation  of  a  plane  of  cleavage.  In  a  well  we  woidd 
not  expect  the  cement  to  adhere  very  firmly  to  the  casing  or  to  the  sides 
of  the  hole  if  oil  were  present  which  could  not  be  removed  by  circulation. 
This  might  result  in  failure,  the  water  penetrating  along  the  joints  formed 
due  to  the  film  of  oil,  although  the  main  mass  of  cement  set  properly  and 
was  very  impervious  to  passage  of  water. 

The  following  notes,  taken  from  an  article  in  Mining  and  Scientific 
Press,  Nov.  4,  1911,  Oil-mixed  Portland  Cement  Mortar  and  Con- 
crete, by  L.  W.  Page,  indicate  the  effect  of  oil  on  time  of  set. 

"The  times  of  initial  and  final  set  are  delayed  by  the  addition  of  oil, 
10  per  cent,  oil  increasing  the  time  of  initial  set  by  90  per  cent.,  and  the 
time  of  final  set  by  60  per  cent. 

"Oil  mixed  mortar  containing  10  per  cent,  of  oil  has  very  little  ab- 
sorption. Under  a  pressure  of  40  lb.  per  square  inch  such  a  mortar  is 
absolutely  watertight. 

"  The  above  mixtures  were  made  by  first  ixxaking  a  water  paste,  then 
stirring  in  the  oil,  which  disappeared  when  ixxwed  lo^  *  ^®^  minutes." 
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A  number  of  cases  of  failure  are  reported  from  the  oil  fidds  in  wells 
in  which  gas  was  present.  TItere  is  much  good  evidence  to  prove  that 
gas  is  responsible  for  failures  in  wells  in  which  it  is  active.  The  following 
experiences,  as  related  by  successful  oil  operators,  are  of  int^est  as  re- 
gards the  effect  of  gas. 

One  company  reported:  "We  believe  that  the  principal  cause  of  the 
failure  of  cement  to  set  properly  in  a  body  is  due  to  gas  working  up  through 
it.  In  a  good  shale,  undisturbed  and  unbroken  by  heavy  drilling,  the 
failures  are  few.  In  a  broken  or  rotten  shale  the  failures  are  many. 
The  principal  cause  of  failure  in  this  well  is  gas  working  up  through  the 
bridge  placed  on  top  of  the  oil  sand.  In  a  bailer  sent  down  and  filled  with 
water  in  the  bottom  of  the  casing,  above  the  cementing  job,  and  brought 
to  the  surface,  the  water  will  stand  normal  for  about  one  minute,  then  will 
be  agitated  greatly  by  releasing  gas.  This  shows  that  the  water  is  heavily 
charged  with  gas,  which  in  this  case  could  only  get  into  the  casing  by 
coming  through  the  cement  placed.  The  cement  which  was  taken  from 
the  bottom  shows  a  considerable  amount  of  oil  also,  probably  carried  up 
by  the  gas." 

Another  operator  reported:  ''It  seems  probable  that  gas  may  bubble 
up  through  the  cement  and  form  channels.  In  one  case  a  job  failed,  there 
being  much  gas  in  the  well.  A  second  charge  of  cement  was  placed  on 
top  of  the  first  and  a  tight  hole  resulted.  In  some  cases  even  a  second 
repetition  was  necessary  for  success." 

In  order  to  determine  how  the  setting  of  cement  might  be  affected  by 
gas  bubbling  through  it,  the  following  experiments  were  performed. 

An  agitator  was  made  from  a  glass  bottle  of  quart  size.  The  bottom 
was  carefully  cut  out,  leaving  both  ends  open,  and  then  secured  in  a  verti- 
cal position,  neck  down.  Fittings  were  provided  so  that  a  column  of  gas 
or  air  could  be  drawn  through  the  apparatus,  entering  at  the  bottom, 
where  the  neck  narrowed  down  to  the  lip.  A  60  per  cent,  water  cement 
sludge  was  then  placed  in  the  bottle  so  as  to  fill  it  half  full,  and  air  blown 
in  at  the  bottom.  This  agitated  the  cement  rather  violently  in  the  center 
of  the  column,  but  less  so  near  the  sides.  This  agitation  was  continued 
for  16  hr.  At  the  end  of  that  time  the  agitation  was  not  so  violent,  con- 
fined to  the  central  portion  of  the  column,  while  there  was  a  compact  ring 
of  cement  around  the  face  of  the  bottle.  There  was  much  light-colored 
froth  at  the  surface.  The  pressure  of  air  was  slightly  increased,  and  was 
continued  intermittently  until  48  hr.  passed.  The  cement  was  allowed 
to  remain  quiet  for  several  days  and  then  the  bottle  was  broken,  and  a 
section  cut  through  the  cement.  There  was  a  conical  space  in  the  mun 
mass,  the  inside  being  funnel  or  crater  shaped,  pointing  to  a  small  hole 
in  the  bottom.  This  hole  extended  through  the  part  of  the  cement 
which  was  formerly  in  the  neck  of  the  bottle.  The  hole  was  open  at  the 
lower  end,  but  stopped-up  at  the  upper  by  a  soft,  mushy  mass  of  dead 
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cement.  Water  dridned  through  the  hole  on  opening  the  bottom  end. 
In  the  neck  of  the  bottle  were  two  zones  of  cement  of  different  qualities. 
One  was  the  usual  cement  color,  and  fairly  hard,  though  easily  scratched 
with  a  knife.  The  other  was  very  light  colored,  and  so  soft  as  to  be  easily 
scratched  by  the  finger  nail.  The  hole  extended  through  the  hard  part, 
being  irregular  in  cross  section,  and  crooked.  The  main  mass  of  cement 
was  banded,  forming  zones  of  dark,  harder  cement,  or  of  light*colored  soft 
stuff,  which  was  very  porous.  This  cementing  operation  was  of  course 
a  failure. 

Other  similar  tests  were  made.  In  one  case  the  air  pressure  was  not 
so  strong,  and  the  setting  power  of  the  cement  was  strong  enough  to  cause 
the  mass  to  ''freeze"  and  shut  off  the  air.  On  cutting  this  test  piece,  a 
hole  was  found  in  the  lower  part  which  did  not  extend  up  beyond  the 
narrow  part  of  the  bottle;  likewise  the  zones  of  "hard"  and  "soft" 
cement  were  found. 

In  both  the  above  cases,  there  was  considerable  porous  vesicular 
froth,  like  spongy  pumice,  on  the  siurface.  This  was  light  colored  and 
very  soft.  Reference  has  aheady  been  made  to  "spongy  cement" 
brought  up  in  a  bailer  with  sulphur  water.  The  operator  thought  that 
the  cause  of  the  failure  might  have  been  disintegration  due  to  sulphates, 
but  it  was  probably  due  to  agitation  by  gas,  which  was  present  in  the 
well. 

The  results  of  the  above  experiments  show  that  if  the  gas  pressure  is 
sufficient,  the  cement  may  be  kept  continually  agitated,  and  so  all  co- 
hesion between  particles  lost,  in  which  case  a  slush  of  inert  cement  results 
which  cannot  set.  If  the  agitation  be  less  violent,  the  cement  may  set 
in  part,  and  gas  channels  form  through  it,  which  may  even  be  entirely 
closed  later,  as  setting  proceeds. 

In  an  oil  well  the  gas  may  be  under  great  pressure,  but  there  is  also 
a  great  hydrostatic  pressure  tending  to  counteract  this.  If  the  gas  pres- 
sure is  excessive,  it  will  work  its  way  through  the  cement.  In  case  of 
cementing  a  well  in  which  a  hole  aheady  exists  through  which  gas  may 
rise,  the  hole  should  first  be  bridged  so  as  to  exclude  the  gas.  Then  the 
well  should  be  cemented  by  one  of  the  methods  described. 

Summary 

Operations  for  shutting  off  water  include  the  use  of  flaxseed,  etc., 
packers,  the  drive-shoe  method,  and  use  of  cement  by  any  one  of  several 
methods.  The  only  method  discussed  at  any  length  in  this  paper  is  the 
one  making  use  of  Portland  cement.  While  the  other  methods  have  their 
application,  they  have  failed  satisfactorily  to  meet  conditions  existing 
in  California  fields. 

It  is  recognized  that  exclusion  of  water  f r^w^  oVl  sands  is  of  paramount 
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importance,  and  for  this  purpose  the  cementing  method  is  standard 
practice  in  California. 

The  composition  of  all  standard  Portland  cement  is  practically  (he 
same.  All  cements  in  general  use  must  pass  standard  specifications  for 
composition,  strength,  soundness,  etc.  Cements  may  differ  greatly  in 
percentage  of  certain  compounds  which  they  contain.  The  presence  or 
absence  of  certain  compounds  affects  the  various  properties  of  cement 
in  several  ways,  some  being  deleterious.  The  properties  of  cement  may  be 
greatly  influenced  by  variation  of  operations  during  manufacture,  such 
as  degree  of  burning  and  fineness  of  grinding,  or  use  of  gypsum. 

There  has  been  much  study  given  by  cement  manufacturers  to  (he 
problem  of  cementing  oil  wells,  and  efforts  have  been  made  to  prepare 
special  cements  for  this  purpose. 

The  deleterious  effect  of  alkali  water  is  due  to  the  presence  of  the 
sulphates  contained  in  it.  When  cement  hardens,  the  lime  liberated 
forms  calcium  sulphate,  which  results  in  formation  of  a  caloium-sulph- 
aluminate  or  lime-alum.  This  hydrates  to  a  high  d^ree,  with  great 
increase  in  volume,  which  may  result  in  the  disintegration  of  the  cement. 
Cement  will  set  in  very  strong  alkali  water  but  may  be  decomposed  later. 

For  cement  to  be  used  in  alkali  water  note  the  following:  There  must 
be  no  free  lime;  lime  content  must  be  kept  low;  amount  of  gypsum  added 
must  be  a  minimum;  extent  of  disint^ration  varies  directly  as  percentage 
of  alumina,  therefore  it  must  be  kept  low;  iron  may  be  used  to  replace 
alumina;  fine  grinding  increases  soundness. 

Setting  of  cement  may  be  varied  by:  Composition,  thoroughness  of 
grinding  raw  material,  degree  of  calcination,  fineness,  age,  r^ulators 
such  as  gypsum,  amount  of  water  used  in  mixing,  temperature,  oil,  and 
presence  of  foreign  salts  such  as  are  found  in  sea  water. 

When  cement  is  deposited  under  water,  the  finer  part,  which  is  really 
the  most  active  if  properly  combined,  may  float  to  the  surface  and  form 
inert,  porous  laitance.  Cement  will  set  properly  in  a  well,  if  the  int^- 
fering  conditions  are  neutralized.  Some  well  waters  are  much  stronger 
than  surface  alkali  water  which  have  caused  failure,  and  therefore  we 
should  expect  ultimate  deterioration  of  the  cement  in  a  well,  to  a  certain 
extent.  This  may  be  counteracted  by  chemical  process,  or  the  cement  may 
deteriorate  so  slowly  that  the  wells  in  a  field  may  be  exhausted  before 
water  breaks  in.  Pressure  is  believed  to  intensify  disint^ration  by  alkali 
water. 

In  cementing,  circulation  is  necessary  before  placing  the  cement,  in 
order  to  clean  the  hole,  permit  the  cement  to  fill  all  the  space,  and  to 
become  well  bonded  to  the  casing  and  sides  of  hole.  Circulation  should 
be  thorough  and  long  continued,  Jasting  as  much  as  30  hr.,  or  more  if 
necessary,  to  clean  the  hole. 

Mixing  and  pumping  are  important  factors  in  cementing  a  well  and 


WATER  INTRUSION  AND   METHODS  OF  PREVENTION  649 

must  proceed  with  all  due  baste.  Cement  should  be  rapidly  mixed,  and 
placed  before  the  time  of  initial  set  has  been  reached.  The  cement  can 
be  pumped  thicker  than  is  now  the  custom,  and  therefore  less  water  should 
be  used  in  mixing.    A  mechanical  mixer  is  strongly  recommended. 

Oil  does  not  appear  to  prevent  the  setting  of  cement,  nor  decrease  its 
strength  materially^  but  it  increases  the  time  of  setting.  It  renders  ce- 
ment impervious  to  water,  if  stirred  in,  but  may  cause  surfaces  of  separa- 
tion in  the  cement  due  to  films  of  oil,  along  which  water  may  pass. 

Gas  is  probably  the  chief  obstacle  to  the  satisfactory  setting  of  cement. 
Gas  may  entirely  prevent  cement  from  setting;  or  it  may  blow  holes 
through  the  cement,  allowing  the  main  part  to  set;  or  the  setting  power  of 
cement  may  overcome  the  disturbing  action  of  gas. 

It  is  possible  to  r^ulate  the  time  of  setting  of  cement  within  safe 
limits.  In  a  well  troubled  with  gas  it  may  be  desirable  to  hasten  the 
setting  by  use  of  regulators  such  as  sodium  carbonate  or  calcium  chloride. 

The  water  string  must  be  landed  in  a  bed  strong  enough  to  support 
its  weight.    The  bed  should  be  a  thick  stratum  of  shale  whenever  possible. 

Crooked  holes  are  probably  the  cause  of  many  failures,  because  such 
prevent  clear  circulation,  and  an  even  distribution  of  the  cement  entirely 
around  the  pipe. 

The  pumping  of  gas,  oil,  and  sand  from  a  producing  well  gradually 
reduces  the  pressure  in  the  productive  measure  which  aids  in  supporting 
the  overlying  impervious  bed  of  shale  in  which  the  water  string  may  be 
landed.  The  formation  may  arch,  or  it  may  drop  down,  enlarging  the 
hole.  If  the  upper  beds  are  thin,  they  may  fracture  and  water  may  flow 
through  into  the  productive  zone.  As  a  result,  a  producing  field  may  be 
flooded  beyond  the  control  of  operators.  Such  a  phenomenon  is  not  likely 
to  appear  for  some  time  in  the  California  fields,  since  the  gas  pressure  still 
remains  relatively  high. 

Discussion 

Arthur  Knapp,  Ardmore,  Pa.  (communication  to  the  Secretary*). — 
Cementing. — ^I  believe  that  the  washing  of  a  well  with  clear  water  is,  in 
general,  a  very  bad  thing.  There  are  probably  formations  that  will 
stand  up  after  being  washed  with  clear  waterj  but  my  experience  in 
California  and  elsewhere  has  been,  that  to  wash  a  well  with  anything 
but  a  well-mixed  mud  would  stick  the  casing  before  cementing  could  be 
accomplished.  The  mud  is  the  only  thing  that  will  wash  the  oil  out  of  the 
hole  and  hold  back  the  gas.  Neat  cement  is  heavy  enough  to  displace 
the  mud  adhering  to  the  casing  and  give  the  desired  contact  between 
cement  and  casing.  Further,  any  well  in  which  the  circulation  can- 
not  be  established  in   3  hr.  is  not  in  a  condition   to  be  cemented. 


♦Received  Mar.  3,  1914. 
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The  casing  should  be  removed  and  the  hole  reamed.  Circulation  for 
a  long  period  of  time  serves  only  to  cut  deeper  channels  around  the 
casing  and  does  not  clear  the  entire  circumference. 

Method  A. — ^The  operator  can  nev^r  be  sure  of  a  successful  cementing 
job  in  using  this  method,  for  the  reason  that,  with  the  packer  outside 
and  the  plug  inside  of  the  tubing,  the  casing  is  closed  almost  water  tight, 
and  on  pulling  the  tubing  the  cement  will  be  pumped  back  into  the 
casing.  No  seat  can  be  made  that  will  withstand  this  suction.  The 
tubing  being  plugged  at  the  bottom,  the  string  will  have  to  be  pulled 
wet.  This  is  a  very  bad  feature,  especially  in  the  long  strings,  as  it  puts 
an  unwarranted  strain  on  the  tubing  if  an  attempt  is  made  to  pull  the 
tubing  fast.    It  also  more  than  doubles  the  time  of  pulling. 

Method  B. — To  have  success  with  this  method,  the  packer  must  be 
absolvlely  tight^  otherwise  the  tubing  will  be  cemented  in.  As  the 
chances  are  there  will  be  at  least  a  small  leak,  it  is  well  to  take  precau- 
tions to  prevent  the  casing  from  being  cemented  in.  Either  the  tubing 
must  be  removed  or  the  left-hand  thread  must  be  on  a  connection  further 
up  the  hole.  The  bottom  4  to  8  ft.  of  the  tubing  may  be  made  of  cast 
iron  with  longitudinal  flutes  to  make  it  light  enough  to  be  easily  broken. 
This  method  is  open  to  the  «ame  objection — ^that  the  string  will  have  to 
be  pulled  wet. 

Perkins  Method. — ^This  method  can  only  be  used  in  a  few  wells  where 
conditions  for  cementing  are  ideal.  Under  average  conditions  the  casing 
has  to  be  pulled  more  than  3  or  4  ft.  off  of  bottom,  which  makes  the 
cast-iron  packer  too  long.  Also  in  most  cases  the  casing  has  to  be 
moved  up  and  down  as  the  heavy  cement  is  being  pumped  up  outside 
of  the  casing.  The  second  packer,  B,  if  made  as  shown  would  stick 
and  turn  sideways,  allowing  the  cement  to  pass  it.  The  cast-iron  packer 
is  not  easily  broken.  The  stem  being  bedded  in  cement,  it  is  in  a  con- 
dition to  resist  being  broken  by  ordinary  blows.  There  is  great  danger 
of  breaking  the  seat  while  drilling  out  cement  alone  and  the  iron  adds 
materially  to  the  amount  of  drilling  necessary. 
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Cementing  Oil  and  Gas  Wells 

BT  I.  N.  KNAPP,  ABDMOBBy  PA. 
(New  York  Meeting,  FebraAty,  1914) 


Foreword 

I  HEREWITH  present  some  notes  on  the  use  of  Portland  cement  to 
cement  in  the  casing,  and  for  plugging,  to  exclude  water  from  oil  and  gas 
wells,  and  the  methods  employed.  I  have  used  my  best  efforts  to  make 
each  step  of  the  operation  of  cementing  wells  perfectly  clear.  The 
information  is  the  result  of  actual  experience  and  observation.  The 
illustrations  are  from  original  drawings  made  especially -for  this  paper. 

Portland  Cement 

It  is  not  necessary  to  discuss  here  the  manufacture  of  cement.  Any 
established  brand  of  the  slower  setting  Portland  cements  may  be  pur- 
chased with  the  confidence  that  it  will  harden,  if  properly  used,  and 
exclude  water  from  and  plug  wells  ej£ciently. 

Setting. — ^By  the  setting  of  cement  is  meant  its  initial  change  from 
a  soft  or  plastic  mortar  to  a  friable  solid.  After  the  cement  has  become 
thoroughly  set  it  is  still  very  weak  and  can  be  readily  pulverized  in  the 
fingers.  Setting  is  thought  to  be  effected  by  the  crystallizing  out  of  the 
silicate  and  the  aluminate  of  lime,  which  are  soluble  in  water  in  their 
anhydrous  form.  After  dissolving  in  the  water  they  pass  to  the  hydrated 
state,  in  which  they  are  insoluble,  and  hence  are  precipitated  in  a  crystal- 
line form. 

Ordinarily  neat  Portland  cement  mortar  remains  perfectly  plastic 
for  from  1  to  IJ  hr.  after  mixing  with  water  at  about  70®  F.  A  higher 
temperature  accelerates  and  a  lower  retards  setting. 

Hardening, — This  is  due  to  a  continual  crystallization  of  salts  from 
solution,  and  to  further  chemical  and  physical  changes  which  develop 
slowly,  but  which  continue  for  long  periods  of  time. 

Testing. — It  is  no  more  necessary  for  an  operator  to  go  into  the 
scientific  testing  of  cement  to  be  used  in  a  well  than  to  so  test  the  pipe 
used.  He  must  depend  for  the  quality  of  each  on  the  tests  and  reliability 
of  the  manufacturer.    Cement  or  pipe  may  be  damaged  in  shipment  so 
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as  to  be  unfit  for  use  and  such  damaged  material  can  easily  be  avoided 
by  proper  inspection. 

A  practical  test  of  cement  can  be  made  in  advance  of  its  use  for  this 
purpose  by  filling  a  common  galvanized-iron  bucket  one-third  full  of 
water  and  stirring  in  neat  cement  until  the  mixture  is  as  stiff  as  it  can  be 
made  and  still  be  fluid  eno\:^h  to  pour  or  pump.  Then  fill  several  tin 
cans  (old  fruit  cans  will  do)  with  the  mixture  and  at  once  immerse  these 
samples  in  water.  Take  out  one  sample  in  24  hr.  and' examine  for  set 
and  hardness,  another  in  48  hr.,  and  so  on  daily  for  a  week. 

Thus  a  fair  idea  of  how  a  given  cement  will  act  in  use  may  be  formed. 
It  is  a  good  plan  to  take  samples,  in  a  similar  way,  of  each  batch  of 
cement  as  run  in  the  well,  and  place  in  water.  Examinations  of  such 
samples  from  time  to  time  will  give  a  fair  idea  of  how  the  cement  in  the 
Well  is  hardening. 

When  Cementing  is  Required 

« 

If  any  formation  does  not  give  a  satisfactory  seat  for  a  casing  shoe, 
a  wall  packer,  or  »  plug  to  exclude  water  from  a  well  it  becomes  necessary 
to  use  a  hydraulic  cement. 

Portland  cement  mortars  are  best  adapted  for  the  piu-pose  and  neat 
cement  only  should  be 'used  in  cementing  in  casing,  for  reasons  given 
later. 

Initial  Rock  Pressures 

The  initial  rock  pressure  of  any  oil  or  gas  field  is  in  general  less  than 
the  hydraulic  head  of  43  lb.  per  100  ft.  of  depth  to  the  productive  horizon. 

Mud  Pressure 

Water  can  easily  be  ladened  with  clays  so  the  mud  mixture  will 
weigh  33  per  cent,  more  than  the  same  volume  of  water  or  give  a  head 
of  57  lb.  per  100  ft.,  or  a  margin  of  safety  of  14  lb.  on  each  100  ft.  of  depth 
over  any  possible  gas  pressure  or  probable  water  pressure. 

Use  of  Mud  in  Cementing  and  Drilling 

It  is  necessary  to  use  a  mud  mixture  in  any  well  to  be  cemented  so 
as  to  exclude  all  oil,  gas,  or  ground  water,  and  such  mud  is  circulated 
and  made  to  carry  the  cement  to  place  but  not  to  mix  with  it. 

Mud-ladened  water  is  used  in  drilling  by  the  hydraulic  rotary  method 
to  seal  off  all  porous  strata  immediately  as  encountered  by  the* drill; 
also  to  counterbalance  any  tendency  of  ground  water,  oil,  or  gas  to  run 
into  the  hole. 
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It  is  fundamental  in  drilling  by  the  method  mentioned  that  such 
mud  circulation  must  go  down  through  the  drill  pipe  and  bit  and  up  the 
walls  of  the  well  and  overflow  to  a  mud  pit  at  the  surface. 

Plastic  materials  such  as  are  cut  up  by  the  bit  and  carried  up  the  hole 
by  the  circulation  are  by  the  wobble  of  the  drill  pipe  plastered  and 
rolled  into  the  walls  of  the  well,  thus  giving  any  sand  strata  encountered 
a  plastic  covering. 

Wells  in  unconsolidated  materials  cdCsisting  of  sand,  gravel,  mud, 
and  clay  skilfully  drilled  by  this  method  and  kept  full  of  mud  at  all  times 
do  not  cave  when  the  drill  pipe  is  withdrawn  and  will  remain  clear  for 
days  so  a  pipe  can  be  run  to  bottom  without  being  ''pumped  down" 
and  the  mud  circulation  restored  preparatory  to  cementing. 

There  are  in  very  rare  cases  coarsely  porous  or  cavernous  limestones 
that  cannot  be  mudded  off  in  the  usual  way. 

Capt.  A.  F.  Lucas,  in  his  early  experimental  drilling  in  Louisiana  and 
Texas,  demonstrated  some  15  years  ago  the  use  of  mud  in  drilling  soft 
formations  to  keep  the  holes  in  shape  and  overcome  gas  and  water 
pressures,  and  its  use  became  general  in  the  Texas  and  Louisiana  oil 
fields  some  12  years  ago,  and  since  in  California.  I  mention  this  be- 
cause the  use  of  mud  in  drilling  is  now  being  exploited  by  the  press  and 
magazines  as  a  recent  invention  of  employees  of  the  Bureau  of  Mines. 

ResTjUs  with  the  Use  of  Mud 

As  a  practical  matter,  drilling  with  the  hydraulic  rotary  method  and 
using  25  per  cent,  of  mud,  I  have  repeatedly  sunk  through  a  gas  horizon 
between  1,500  and  1,600  ft.  deep,  where  there  was  a  measured  gas  pres- 
sure of  650  lb.  per  square  inch,  set  a  screen  in  this  horizon  and  cemented 
in  a  casing  above  the  screen  without  a  bubble  of  gas  showing,  and  not 
until  the  pressure  was  reduced  by  bailing  of  the  well  did  gas  show. 

Also,  by  the  same  method  I  have  drilled  through  a  known  artesian 
water-bearing  horizon  between  1,900  and  2,000  ft.  in  depth  without  any 
sign  of  its  existence,  such  as  increase  in  the  overflow,  or  of  much  loss 
of  mud  to  the  porous  strata.  In  this  water  well  a  6f-in.  casing  was  set 
at  about  1,880  ft.  with  a  rubber  wall  packer  and  then  drilled  to  2,007 
ft.,  when  clear  fresh  water  was  pumped  in  through  the  drill  pipe.  When 
the  mud  was  washed  out  the  well  b^an  to  flow  and  the  drill  pipe  was 
withdrawn.  This  well  threw  out  consideriokble  sand,  shells,  and  pieces 
of  rock,  possibly  30  or  40  cu.  yd.  in  two  days.  In  the  course  of  a  week 
the  water  ran  practically  clear  and  reached  a  steady  flow  of  about  450 
gal.  per  minute  at  the  surface  and  gave  a  static  head  of  about  80  ft. 
It  had  80  ft.  of  surface  casing  and  was  then  drilled  1,800  ft.  without 
difficulty,  passing  three  known  water-bearing  horizons  and  many  loose 
sand  beds,  but  the  hole  being  always  kept  full  of  mud  did  not  cave  and 
the  drill  pipe  could  be  left  in  over  night  with  no  sign  of  sticking. 
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Alsoi  wells  are  frequently  drilled  into  an  oil-bearing  horizon  without 
showing  a  sign  of  oil,  the  only  guide  being  the  known  depth  to  the  oil 
sand  in  adjacent  wells  and  the  taste  of  oil  in  the  particles  of  old  sand  in  the 
overflow. 

This  brings  out  the  extreme  diiBiculty  in  prospecting  for  oil,  gas,  or 
water  using  the  hydraulic  rotary  method  of  drilling. 

Preparation  for  Cementing  in  Casing 

A  well  properly  drilled  by  the  method  before  mentioned  and  kept 
full  of  mud  is  in  perfect  condition  for  cementing.  Wells  drilled  by  other 
methods  should  be  lubricated  or  filled  with  mud.  Before  running  in 
the  casing  it  is  best  to  make  sure  such  casing  will  go  to  the  bottom  and 
turn  freely  in  the  hole.  This  can  be  done  by  running  in  say  three  joints 
of  the  size  of  casing  to  be  used  on  a  string  of  drill  pipe  to  the  bottom  of 
the  hole.  It  may  be  necessary  to  put  a  rotary  shoe  on  the  end  of  the 
casing  for  removing  lumps  or  straightening  crooks  in  the  hole.  When  the 
pipe  is  at  bottom  a  proper  mud  circulation  can  be  established  and  all 
water  (salt,  alkaline,  or  potable)  as  well  as  any  oil  or  gas  can  be  completely 
excluded  and  the  well  brought  to  condition  for  successful  cementing. 

The  amount  of  cement  to  be  provided  may  be  roughly  estimated 
by  assuming  that  one  sack  (95  lb.)  of  neat  cement  mixture  will  fill  1.25 
cu.  ft.  of  space. 

If,  for  instance,  an  8-in.  pipe  is  to  be  set  in  an  11-in.  hole  it  will  take 
between  20  and  25  sacks  of  neat  cement  to  fill  the  calculated  space  for 
100  ft.  There  should  be  provided  a  mixing  box  aboutsi5  ft.  wide  by  8  ft. 
long  by  18  in.  deep,  with  gate  at  one  end  to  draw  off  the  mixed  cement, 
two  cementing  plugs,  bottom  and  top  (see  Fig.  1),  two  mortar  hoes,  four 
shovels,  two  galvanized-iron  buckets,  and  a  barrel  to  dip  water  from; 
also  some  sort  of  screen  to  pass  the  dry  cement  through  to  break  up  and 
take  out  lumps  before  mixing.  Six  men  with  a  box  of  the  size  named 
and  with  the  tools  indicated  will  mix  10  batches  of  eight  sacks  each  in  1 
hr.  It  is  desirable  to  get  the  mixed  cement  in  place  as  quickly  as  possible 
and  1  to  1|  hr.  is  about  the  limit  of  time  in  which  cement  may  be  mixed 
for  any  one  job  of  casing  cementing  and  run  in  place.  If  more  than  80 
sacks  of  cement  are  required,  a  larger  mixing  box,  or  two  boxes  and  more 
men,  or  a  machine  cement  mixer  will  be  required. 

Mixing  Cement  Mortars 

It  is  impracticable  to  specify  any  particular  percentage  of  water  to 
be  used  in  mixing  cement  neat  or  with  sand.  The  best  guide  is  to  use  the 
least  possible  amount  of  water  practical  for  the  work  in  hand. 
*  As  hydraulic  cements  require  water  to  cause  them  to  set  and  they  will 
also  harden  immersed  in  water  it  is  a  common  error  to  suppose  they 
cannot  be  harmed  by  an  excess  of  water.    Experiments  show  that  any 
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^cess  in  mixing  is  weakening  in  effect  and  retards  setting  and  hardening. 
Id  fact,  a  large  excess  of  water  with  prolonged  mixing  makes  a  mortar 
that  will  not  properly  harden  at  all. 

If  for  instance  eight  sacks  of  cement  are  mixed  with  18  buckets  of 
water  and  the  mixture  works  up  too  thin  reduce  next  batch  to  say  16 
buckets.  In  all  cases  make  some  measure  of  the  water  to  get  a  uniform 
mixture  of  cement  going  into  the  hole. 

Methods  of  Cementing  in  Well  Casing  and  Plugging  WeUa 

There  are  several  methods  of  doing  this,  such  as:  (1)  Lowering  the 

cement  mixture  in  a  dump  bailer,  particularly  for  pluggu^  wells.    (2) 

Pumping  the  mixture  through  a  tubing  properly  arranged  to  force  such 

mixture  out^de  the  casii^.     (3)  Using  two  cementing  plugs  and  pourii^ 


7  ,n^.  7Ply  Belting 

Fio,  1. — CsKKNTmo  Pluob. 

or  pimiping  the  mixture  in  the  casing  and  forcing  it  down  and  up  out»de 
the  casing  by  pump  pressure. 

The  first  method  is  uiureliable  and  uncert^  even  in  plu^;ing  a  wet 
hole.    Its  use  should  not  be  attempted  to  cement  in  casing. 

The  second  method  is  open  to  the  objection  of  having  a  string  of 
tubing  to  manipulate  with  the  casing  to  be  set  and  as  ordinarily  used 
with  one  cementing  plug  gives  n  wet  string  of  tubing  (pipe  full  of  water) 
to  pull  out. 

The  third  method  of  using  two  cementing  plugs  and  displacing  the 
mud  with  cement  by  gravity  or  pumpii^;,  as  hereinafter  described,  is 
in  my  experience  the  best  for  general  purposes,  as  it  can  be  used  with 
the  certainty  that  the  cement  will  be  forced  by  pump  pressure  into  the 
space  between  the  casing  and  wall  of  the  well  in  the  shortest  possible  time 
and  with  the  least  chance  of  contamination  of  the  cement  mixture. 
There  are  other  methods  of  cementing  with  which  I  am  not  familiar. 

The  plugs,  Fig.  1,  are  made  of  any  soft  wood  that  will  drill  out  easily 
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and  of  a  diameter  to  pass  freely  through  the  pipe  in  which  they  are  to  be 
used. 

The  bottom  plug  (A)  should  be  30  to  36  in.  long,  to  run  in  a  6  or  3 
in.  pipe,  and  other  sizes  in  proportion.  The  fidl-dee  portion  of  the  plug 
should  be  6  or  8  in.  long  and  the  diameter  then  reduced  to  4  or  5  in.  fca 
the  rest  of  its  length. 


Fia.  2. — Introdtjcino  Ceuent  bt  GaAVm. 

The  top  plug  (B)  should  be  about  8  or  10  in.  loi^  for  the  same  azed 
pipes.  Both  pli^s  are  faced  on  the  bottom  ends  with  one  thickness  of 
7-ply  rubber  belting  so  that  they  will  fit  snugly  in  the  casing.  These 
pieces  of  belting  act  as  scavengers;  the  one  on  plug  A  cleans  the  inside  of 
the  pipe  of  mud  as  it  descends  so  as  not  to  adulterate  the  cement;  the 
one  OQ  plug  B  tends  to  keep  all  the  cement  pushed  ahead  of  it. 
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Exj^nation  of  Cementing  O-peratvma 
Fig.  2  indicates  how  the  cement  may  be  introduced  into  the  well  by 
gravity.  It  ahows  the  lower  panel  of  a  derrick  with  mud  pump  and 
connections  to  jetting  swivel,  also  the  traveling  block.  The  rotary  is 
set  to  one  side.  A  conductor  pipe  la  indicated  as  set  in  the  well  with  the 
top  coupling  replaced  with  a  tee.  The  overflow  from  the  well  may  thus 
be  piped  through  the  conductor  pipe  and  tee  to  the  outside  of  the  derrick. 
In  running  the  casing,  as  shown,  into  the  well,  the  cementing  pli^  A 
should  be  run  through  each  joint  as  it  is  hoisted  up  in  the  derrick  to  be 
connected,  in  order  to  make  sure  that  there  are  no  blisters,  dents,  or 
other  obstructions  in  them.    The  casing  is  lowered  to  bottom,  marked, 


Fio.  3. — Cement 

BETWEEN        PlUOB. 

Pabbinq  down 
Pipe. 


FiQ.  4. — Ceuent 
IN  Placb.    PLcae 


Fig.  5. — Cabino 
Set  on  Bottou. 
CEUEHTiNa  Com- 
pleted. 


pulled  back  just  enough  so  the  mud  will  circulate  freely  by  pumping, 
and  again  marked. 

After  the  mud  in  the  well  and  pit  is  evenly  tempered  by  circulation, 
the  casing  is  hung  on  the  slide  tongs  and  elevators  plEu:ed  on  the  tee  on 
the  conductor  pipe  just  under  the  derrick  Qoor.  The  swivel  joint  is 
unscrewed  and  eeX  back.  In  order  that  the  casing  will  take  the  cement 
by  gravity  the  well  is  bailed  down  about  200  ft.  by  displacing  the  mud 
with  the  drill  pipe  or  by  bailing  in  the  regular  way. 

If  there  is  danger  in  bailing  of  a  gas  blow-out  or  a  cave-in  from 
water  pressures  then  other  methods  must  be  employed  as  hereinafter 
described. 

TOL.  XLTin.— 42 
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The  well  and  casing  should  be  kept  covered  at  all  timee  so  thftt 
nothing  can  fall  into  the  hole.  After  bailii^,  the  swivel  joint  is  hooked 
on  ag^n  and'hoisted  out  of  the  way  to  be  ready  for  instant  use. 

The  casing  is  indicated  in  the  figure  in  place  ready  for  cementing. 
The  mixing  box  is  placed  so  that  when  the  end  gate  is  opened  the  mised 
cement  will  flow  into  the  top  of  the  casing.  The  water  barrel  is  placed 
conveniently  near  and  means  for  fillii^  it  quickly  must  be  provided. 
The  cement  required  should  be  stacked  on  the  derrick  floor  and  all  the 
necessary  tools  assembled. 


Fio.  6. — Intboddcino  Cement  by  Puiipimo. 

The  dry  cement  should  be  dumped  from  the  sack  on  to  a  screeo, 
temporarily  placed  over  the  mixing  box. 

It  should  not  be  attempted  by  this  method  to  put  in  more  than  80 
sacks  (95  lb.  each),  as  this  ia  about  the  limit  that  can  be  mixed  in  one 
hour,  with  seven  men  and  the  appliances  mentioned.  Everything 
being  ready,  the  first  batch  (8  sacks)  is  mixed,  the  cover  taken  off  the 
casing,  the  plug  A  dropped  in  small  end  up,  and  the  cement  mixture  run 
in.  It  is  best  to  pass  it  through  a  wire  screen  (j-in.  mesh)  as  it  flows 
into  the  casing,  bo  as  to  break  up  any  dry  lumps. 
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The  siuBceeding  batches  are  mixed  and  run  in  as  rapidly  as  possible. 
The  nealr-cement  mixture  being  much  the  heavier  will  force  the  mud  down 
and  then  up  outside  the  casing.  If  the  casing  is  hung  up  more  than  12 
or  18  in.  from  bottom,  care  must  be  taken  not  to  push  the  plug  A  below 
the  casing  before  being  brought  to  the  position  as  shown  in  Fig.  4. 

The  required  amount  of  cement  having  been  put  in,  the  plug  B  is 
dropped  in  with  a  cement  sack  on  it  as  a  packer  against  the  pump  pressure, 
the  swivel  joint  connected,  the  elevator  and  slide  tongs  removed,  the 
casing  lowered  to  12  or  18  in.  off  bottom  and  the  mud  pump  started. 

After  the  mud  pump  has  run  long  enough  to  fill  the  swivel  pipe  and 
some  pressure  is  shown  by  the  pump  gauge  it  should  be  stopped  and  the 
vent  cock,  indicated  in  Fig.  6,  opened  to  let  out  the  imprisoned  air. 
If  air  is  allowed  to  remain  in  the  casing,  or  if  the  suction  pipe  of  the  pump 
or  the  piston  rod  packing  leaks,  such  air  becomes  highly  compressed  into 
bubbles  in  the  mud  and  may  cause  trouble.  Meantime  the  mud  pit  is 
stirred  up  to  make  the  descending  column  of  mud  as  heavy  as  possible 
to  counterbalance  the  cement  column  outside  the  casing.  The  number 
of  revolutions  required  for  the  pump  to  fill  the  casing  should  be  calculated 
and  coimt  kept  to  anticipate  about  when  the  cementing  plugs  should  meet. 

The  cement  column  is  forced  by  the  pump  down  the  casing  between 
the  two  plugs  as  indicated  by  Fig.  3.  When  the  first  plug  gets  to  the 
bottom  of  the  well  it  goes  partly  out  of  the  casing  as  indicated  by  A, 
Fig.  4,  and  allows  the  cement  to  pass  outward  and  up  between  the  casing 
and  the  walls  of  the  well.  The  cement  floats  the  mud  and  it  is  pushed 
upward  by  the  pump  pressure. 

When  the  plug  B  meets  the  plug  A,  as  indicated  in  Fig.  4,  the  cement 
is  all  out  of  the  casing  and  the  pmnp  stops  short  by  reason  of  the  plug 
obstruction  and  the  sack  packer.  The  casing  should  now  be  given  a 
few  turns  in  the  hole  to  distribute  the  cement.  This  can  easily  be 
done  by  two  men  with  a  chain  tongs.  The  pump  pressure  remains  on  and 
the  casing  is  set  on  bottom  as  indicated  by  Fig.  5. 

The  vent  is  then  opened  and  there  should  be  only  a  slight  back  flow, 
say  a  barrel  of  mud,  if  all  air  has  been  vented  at  the  proper  time,  and  the 
casing  shoe  is  tight.  It  will  be  necessary  to  hold  the  pump  pressure 
for  24  hr.  if  there  is  a  strong  back  flow. 

Objections  to  Cementing  by  Gravity 

This  method  requires  a  reduction  of  the  mud  head  in  the  well  by 
bailing  and  gives  opportunity  for  a  gas  blow  out  or  for  oil  or  ground  waters 
to  enter  and  cave  the  well. 

Also,  the  lower  end  of  the  casing  is  open,  which  may  act  as  a  scraper 
against  the  walls  of  the  well  and  the  casing  may  become  filled  with  thick 
mud  enough  to  prevent  the  passage  of  the  plugs.  It  is  the  practice  of 
some,  after  a  string  of  casing  with  the  lower  end  open  is  run  in  and  the 
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mud  circulation  established^  to  hang  up  the  casing,  unscrew*the  swivel 
joint,  throw  in  a  cement  sack  and  pump  it  down  to  make  sure  the  casing 
is  clear  before  cementing. 

If  there  is  no  danger  in  bailing  the  well  down,  or  in  plugging  the  lower 
end  of  the  casing  with  the  thick  stuff,  and  80  sacks  or  less  of  cement  is  to 
be  used,  the  gravity  method  is,  I  think,  the  best  that  can  be  devised. 

Necessity  of  Using  Neat  Cement 

By  the  means  described  the  neat  cement  reaches  the  bottom  of  the 
casing  with  but  little  if  any  contamination. 

The  only  means  that  we  have  of  scavenging  the  outside  of  the  casing 
and  walls  of  the  well  is  by  floating  the  mud  up  and  displacing  it  with  the 
cement  mixture. 

The  heavier  the  cement  the  better  this  action,  hence  it  is  desirable 
to  use  a  cement  neat  and  not  reduce  it  with  sand.  The  cement  gets 
contaminated  and  mixed  to  an  unknown  degree  with  the  mud  clinging 
to  the  outside  of  the  casing  and  the  walls  of  the  well,  which  also  makes 
the  use  of  a  neat  cement  practically  necessary. 

Fig.  6  indicates  a  general  surface  arrangement  for  pumping  the  cement 
into  the  casing.  The  view  is  at  right  angles  to  that  shown  in  Fig.  2, 
with  two  pumps  set  as  commonly  used  in  rotary  drilling. 

To  increase  the  cement-mixing  facilities,  two  mixing  boxes  can  be 
used  as  shown,  or  a  machine  mixer  employed.  The  mixed  cement  is 
drawn  into  a  barrel,  sunk  below  the  surface.  The  suction  pipe  of  the 
pump  to  the  right  is  extended  into  the  cement  barrel  and  the  pump  to 
the  left  has  its  suction  opening  in  the  mud  pit  (not  shown). 

The  manipulation  is  the  same  as  in  the  gravity  method  of  putting 
in  the  cement,  except  that  when  the  plug  A  has  been  dropped  in,  the 
swivel  joint  is  again  connected,  and  the  cement  pumped  in.  When 
the  cement  is  all  in,  the  vent  cock  is  opened;  air  will  be  drawn  in  because 
the  descending  column  of  cement  will  push  ahead  the  lighter  mud  and 
make  a  vacuum. 

The  swivel  pipe  is  then  disconnected,  the  plug  B  and  sack  put  in; 
the  pipe  is  again  connected,  and  the  mud  pumping  started.  I  usually 
arrange  for  the  mud  pump  to  discharge  into  the  cement  barrel  so  that 
the  cementing  pump  will  run  on  mud  and  thus  clean  itself  and  the  con- 
nections of  cement.  Since  the  surface  of  the  cement  may  fall  100  ft. 
or  more  and  the  casing  fill -with  air  when  opened,  it  is  essential  to  vent 
this  air,  after  the  pump  gauge  shows  some  pressure,  as  before  described. 

Advantages  of  Pumping  Method 

By  this  method  no  bailing  of  the  well  is  required,  so  the  danger  from 
blow-outs  and  cave-ins  is  eliminated.  Also,  a  much  larger  quantity  of 
cement  may  be  handled  in  a  given  time  than  can  be  run  in  by  gravity. 


CEMENTING   OIL  AND  GAS  WELLS  661 

Improvement  on  the  Cementing  Methods  Described 

The  bottom  cementing  plug  A  has  to  pass  partly  out  of  the  lower 
end  of  the  casmg  in  order  to  become  operative  by  the  common  method 
and  this  prevents  the  use  of  a  back-pressure  valve.  As  the  use  of  such 
valve  together  with  two  cementing  plugs  was  desirable  in  deep  (2^000  ft.) 
well  cementing  operations,  I  invented  a  method  for  the  simultaneous 
use  of  both,  as  shown  in  operation  in  Fig.  7. 

This  apparatus  consists  of  a  double-swedged,  by-pass  nipple  (if  for 
an  8-in.  string)  made  of  a  piece  of  9-in.  pipe,  about  24  in.  long,  swedged 
to  8  in.,  threaded  on  both  ends  and  couplings  screwed  on.  Near  one  end 
of  the  9-in.  section  two  brass  bars  are  put  across  at  right  angles,  thus 
forming  a  rest  for  the  bottom  plug,  and  when  the  plug  is  in  the  position 
shown  the  cement  is  by-passed  so  the  plugs  can  meet. 

The  brass  bars  can  be  made  of  |-in.  brass  pipe.  They  must  be 
substantial,  since  the  pump  pressure  may  rise  to  400  lb.  and  throw  10 
tons  pressure  on  them  when  the  plugs  meet.  A  back-pressure  valve  is 
screwed  into  the  bottom  coupling  on  the  by-pass  nipple  as  shown  in  Fig. 
7.  This  should  be  a  substantial  brass  valve  for  deep  work.  The  bars 
and  valve  are  made  of  brass  so  that  they  can  be  easily  drilled  out,  with 
the  wooden  plugs,  at  the  proper  time. 

Under  the  back-pressure  valve  is  fitted  a  9  to  8  in.  swedged  nipple 
not  threaded  on  the  9-in.  end.  This  acts  as  a  casing  shoe  and  protects 
the  valve. 

The  two  couplings  on  the  by-pass  nipple  should  be  screwed  up  as 
tight  ^  possible  and  then  pinned  or  riveted  in  each  thread.  When 
the  woodei^  plugs,  brass  bars,  valve,  and  cement  are  being  drilled  out 
there  is  a  possible  danger  that  these  threads  may  work  loose  by  the  action 
of  the  drill  and  the  parts  unscrew.  This  would  make  trouble  and 
should  be  avoided. 

Advantage  of  Using  the  Double-Swedged  Nipple 

This  invention  (not  patented)  prevents  the  possible  accidental 
passage  of  the  cementing  plugs  out  of  the  casing  and  permits  the  use 
of  a  back-pressure  valve.  This  valve  prevents  thick  mud  from  being 
forced  back  into  the  casing.  The  casing  can  be  partly  floated,  thus  mak- 
ing a  long  string  much  easier  to  handle.  The  casing  can  be  bailed  down 
to  take  any  quantity  of  cement  by  gravity  without  endangering  the  well, 
also  the  cement  mixture  after  passing  the  valve  cannot  flow  back  into 
the  casing.  The  cementing  operation  may  be  done  by  gravity  or  pump- 
ing as  before  described. 

Setting  Screen  and  Cementing  Casing  Above 

When  casing  cementing  is  required,  it  is  usually  necessary  also  to 
set  a  screen,  to  make  a  proper  test  for  oil  or  gas  or  bring  a  well  in  from  a 
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known  horizon.  In  auch  cases  I  prefer  to  set  a  screen  the  full  size  of  the 
casing  required,  for  the  closer  the  screen  fits  to  the  walls  of  the  well  the 
better  for  the  well. 

The  screen  with  two  joints  of  the  same  size  casing  above  may  be 
run  in  on  a  string  of  drill  pipe. 


F^.  8  shows  a  screen  set  in  place  with  all  necessary  fitting.  The 
brass  blade  shown  at  the  very  bottom  is  to  produce  friction  in  order  that 
the  left-hand  thread  at  the  top  of  the  screen  may  be  easily  unscrewed 
at  the  proper  time.     The  short  one-thread  nipple  is  to  hold  the  brass 
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blade  and  protect  the  back-pressure  valve.  This  valve  is  for  the  purpose 
before  described  and  permanently  closes  the  lower  end  of  the  screen 
when  set.  The  wash  plug  in  the  lower  end  of  the  screen  serves  as  a 
guide  and  packer  to  the  wash  pipe.  The  function  of  the  wash  pipe  is  to 
carry  all  the  mud  down  through  the  screen  and  the  back-pressure  valve 
so  it  may  pass  up  outside  the  screen  and  casing. 

The  screen  may  be  of  any  size  or  length  and  made  with  drill  holes 
only  or  wire  wound  to  any  mesh  desired.  At  the  top  of  the  screen  is  a 
left-hand  nipple  2  or  3  ft.  long  with  the  left-hand  thread  up.  By  putting 
the  proper  tension  on  the  drill  pipe  and  turning,  the  left-hand  thread  un- 
screws and  leaves  the  screen  in  the  hole.  The  wash  pipe  is  pulled  out 
by  the  pulling  ring. 

When  the  coupling  (6  or  8  in.)  containing  the  pulling  ring  is  landed 
on  the  elevators  at  the  surface  and  the  joint  above  unscrewed  then  the 
wash-pipe  elevators  (2  or  2|  in.)  may  be  put  on  imder  the  top  coupling 
of  the  string  and  the  wash  pipe  pulled. 

Plugging  Top  of  Screen  for  Cementing 

A  soft  wooden  plug  about  20  in.  long  is  made  as  shown  in  Fig.  9. 
The  bottom  of  the  plug  is  made  conical  as  a  guide  in  entering  and  the 
body  cylindrical  to  fit  tight  into  the  screen  nipple,  which  has  a  left-hand 
thread. 

The  top  is  rounded  over  to  guide  the  swedge  nipple  that  is  later  placed 
to  fit  down  over  the  left-hand  thread.  A 1  J-in.  vent  hole  is  bored  through 
the  axis  of  the  plug  in  order  to  allow  mud  to  flow  back  into  the  drill 
pipe  in  settmg  the  plug. 

A  countersink  6  in.  deep  is  made  in  the  top  of  the  plug  so  that  it 
may  be  fitted  on  the  end  of  the  (4-in.)  drill  pipe.  A  piece  of  leather  is 
nailed  over  the  vent  hole  in  the  bottom  of  the  countersink  so  as  to  make 
a  flap  valve. 

The  plug  is  then  run  in  on  a  string  of  drill  pipe  to  bottom. 

I  have  found  by  experience  that  enough  loose  material  will  be  pushed 
ahead  of  the  plug  to  pack  efficiently  outside  the  left-hand  nipple  so  that 
no  cement  will  flow  down  outside  the  screen  in  cementing.  Pump 
pressure  is  put  on  the  drill  pipe,  which  closes  the  flap  valve  in  top  of  the 
plug.  The  string  is  raised  and  the  drill  pipe  pulls  out  of  the  plug,  an 
immediate  fall  of  pressure  being  shown  by  the  pump  ga\:^e,  indicating 
that  the  plug  is  left  in  place. 

The  string  of  pipe  is  pulled  out  and  the  well  is  then  in  shape  for  running 
in  a  string  of  casing  and  cementing. 

Cementing  in  the  Casing  Above  the  Screen 

On  this  string  should  be  a  by-pass  nipple,  as  previously  described. 
Whether  a  back-pressure  valve  is  to  be  used  or  not  is  determined  by  the 
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depth  and  condition  of  the  well.  The  string  (if  8-in.)  should  have  on  ito 
bottom  end  a  9  to  8  in.  swedged  nipple.  The  9-in.  end  should  be  cut 
with  an  offset  and  the  lip  thus  formed  bellied  out  slightly  as  indicated 
in  Fig.  10.  The  purpose  of  this  lip  is  to  guide  the  plug  and  screen  in 
line  by  turning  the  casing  and  to  pve  a  "feeling"  which  will  indicate 
whether  the  swedge  nipple  is  resting  on  top  of  the  plug  or  has  slipped  down 
over  the  left-hand  thread  as  it  should.  The  string  is  lowered  to  bottom 
and  marked,  then  pulled  up  until  the  circulation  of  mud  is  good. 


Fia.   10.— SWEDQED    NiPPLB 

WITH  Lip. 

The  cementing  operation  may  be  done  by  the  methods  aheady  de- 
scribed. After  the  cement  has  had  time  to  harden,  five  days  should  be 
plenty,  the  wooden  plugs,  brass  bars,  and  back-pressure  valve  may  be 
drilled  out,  the  indde  of  the  screen  washed  out  with  mud  down  to  the 
wash-pipe  plug  and  the  drill  pipe  then  withdrawn.  A  gate  valve  should 
be  put  on  the  casing  and  the  well  b  then  ready  to  bail  to  test  for  oil  or  gas. 

Plugging  Wells  by  Cementing 

The  two-plug  cementing  system  is  well  adapted  to  put  in  a  cement 
plug  in  the  bottom  of  a  well  to  exclude  water  or  fill  a  well  any  distance 
with  cement  mortar.  For  instance,  if  it  is  desired  to  plug  o£E  the  bottom 
20  ft.  of  a  hole  the  proceeding  would  be  practically  the  same  as  cement- 
ing in  a  casing  but  no  by-pass  nipple  or  back-pressure  valve  would  be 
used  and  the  drill  pipe  would  be  employed  to  pass  the  cement  to  thp 
bottom  of  the  hole.  The  bottom  pli^  should  be  made  36  in.  long,  but 
not  tapered,  and  bored  full  of  holes,  which  are  filled  with  lead  so  that  the 
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plug  will  stay  on  the  bottom.  The  operation  should  be  so  performed  that 
the  bottom  plug  will  shut  off  the  pump  when  it  reaches  bottom  and  not 
by-pass  the  cement  as  before  described.  The  drill  pipe  should  then  be 
pulled  back  imtil  the  bottom  plug  passes  out.  About  half  the  cement  to 
be  placed  should  be  pumped  through,  then  the  drilling  pipe  should  be 
pulled  back  proportionately. 

The  top  plug  and  the  sack  should  be  used  to  push  the  cement  ahead 
and  to  prevent  mixture  with  the  mud  following. 

In  cementing  off  20  ft.  a  surplus  of  cement  mixture  should  be  put  in 
and  the  drill  pipe  pulled  back  only  about  22  ft.  from  bottom  and  the  mud 
circulation  kept  on  for  half  an  hour  to  dissipate  the  surplus  cement. 

By  this  method  of  building  up  a  cement  plug  from  the  bottom  there 
need  be  no  time  limit  to  the  completion  of  the  cement-plugging  operation, 
as  the  drill  pipe  can  be  pulled  back  from  time  to  time  and  cement  kept 
going  in  until  the  hole  is  completely  filled.  The  drill  pipe  should  have 
a  scavenger  plug  passed  through  it  about  every  hour  to  keep  it  clear  of 
set  cement;  the  joints  as  disconnected  at  the  top  should  be  washed 
clear. 

Short  plugs  should  be  made  of  neat  cement.  Larger  ones  may  be 
cement-and-sand  mixtures. 

Difficulty  of  Getting  Reliable  Information 

For  instance,  the  catalogue  of  hydraulic  rotary  well-drilling  machinery 
of  a  prominent  oil-well  supply  company  has  an  article  on  ''Cementing 
Casing  in  Wells."  I  quote  from  it  as  follows:  ''Seventh:  Force  the  plug 
into  the  well  by  running  in  the  drill  pipe  on  top  of  same  until  the  plugs  and 
cement  reach  the  bottom  of  the  hole;  water  should  be  run  into  the  hole 
as  the  drill  pipe  is  lowered." 

This  might  be  practical  for  shallow  strings  of  casing  up  to  800  ft. 
But  how  about  2,000  ft.?  If  the  drill  pipe  is  stacked  in  trebles  in  the 
derrick  it  takes  quick  work  to  run  in  1,000  ft.  per  hour,  so,  if  it  took  an 
hour  to  mix  the  cement  and  get  it  in  the  top  of  the  hole  and  two  hours  to 
run  the  plugs  it  would  take  close  to  three  hours  to  get  the  cement  to  the 
bottom  of  2,000  ft.  of  casing,  when  it  would  probably  have  set  some — 
enough  to  be  too  hard  to  allow  of  its  being  forced  up  outside  the  casing 
into  place.  But  why  use  a  drill  pipe  for  such  purpose  when  the  cement 
can  be  pumped  down  2,000  ft.  by  the  mud-pump  pressure  in  10  min. 
or  less? 

Quoting  the  same  catalogue  further:  "Ninth:  When  in  doubt  of 
the  plugs  being  together,  a  n\easuring  line  should  be  used  for  verification." 

As  a  practical  matter  the  length  of  the  drill  pipe  is  known  by  actual 
measurements  so  that  the  exact  location  of  the  plugs  should  be  known 
when  a  drill  pipe  is  run  in  as  directed  under  the  seventh  item,  so  what 
verification  is  necessary  with  a  measuring  line? 
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Quoting  fxirther:  "Eleventh:  Cement  will  not  set  in  oil " 

Dry  cement  will  not  set  if  mixed  witK  oil  because  there  is  no  water  to 
hydrate  it.  Cement  properly  mixed  with  water  and  poured  into  oil 
will  set  and  harden  in  the  oil,  as  I  know  by  actual  trial.  It  would  be 
presumed  that  the  well-supply  houses  would  give  clear  and  exact  informa- 
tion in  special  articles  in  their  catalogues  relating  to  well  work;  but  they 
are  manufacturers  and  dealers  and  not  experts  on  well  operations. 

Water  Supply  Paper  No.  257,  U.  S.  Geological  Survey,  on  Well-Drilling 
Methods,  in  describing  the  hydraulic  rotary  method  under  "Drilling 
Operations,"  p.  71,  says:  "Drilling  is  accomplished  by  rotating  the  entire 
string  of  casing,  on  whose  lower  end  is  a  toothed  cutting  shoe." 

It  would  be  practically  impossible  to  drill  a  well  1,000  ft.  in  depth  with 
a  toothed  cutting  shoe  on  a  string  of  casing  in  any  possible  formation. 
A  casing  that  is  to  be  set  either  as  a  water-excluding  string  or  as  an  oil 
or  gas  string  is  never  used  to  drill  with.  It  is  true  very  pretty  pictures 
have  for  years  past  appeared  in  various  well-supply  dealers'  catalogues 
showing  how  wells  are  drilled  with  rotary  shoes,  but  as  a  practical  matter 
wells  are  never  drilled  in  this  way.  A  rotary  shoe  is  a  very  useful  tool 
to  run  in  with  a  joint  of  casing  on  a  drill  pipe  to  take  lumps  out  of  a  hole 
and  straighten  it  preparatory  to  casing.  A  rotary  toothed  cutter  is 
sometimes  used  in  core  drilling,  but  the  kind  of  rock  or  other  material 
it  will  work  in  and  produce  a  core  from  is  very  limited. 

From  "Special  Operations,"  p.  74,  I  quote:  "In  penetrating  firm 

material  it  is  sometimes  necessary  to  employ  a  rotary  drill  bit  instead 

I  of  a  rotary  shoe.    Two  styles  of  bit  for  this  purpose  are  in  general  use— 

the  diamond-shaped  and  the  fishtail.  The  diamond-shaped  is  usually 
first  employed,  and  the  fishtail  afterward  used  for  reaming  or  enlarging 
the  hole." 

Now,  this  is  all  wrong.  I  will  ventxure  to  say  that  99  per  cent,  of 
all  rotary  drilling  is  done  with  a  fishtail  bit.  The  Sharp  &  Hughes  bit 
is  used  for  rotating  on  hard  rock. 

But  why  drill  a  hole  too  small  and  then  ream  it  down?  What  is 
gained?  As  a  matter  of  fact  it  usually  takes  longer  to  ream  100  ft. 
of  hole  than  it  would  to  drill  the  same  100  ft.  of  the  full-sized  hole  at  the 
first  operation.  Skillful  rotary  drilling  completes  the  hole  to  the  full 
size  required  and  "muds  up"  all  at  one  operation. 

Technical  Paper  No.  32,  Bureau  of  Mines,  on  Cementing  Process 
of  Excluding  Water  from  Oil  Wells  as  Practised  in  California,  gives  under 
"Recommendations  and  Suggestions,"  p.  7,  the  following:  "3.  The  well 
should  be  cleared  of  all  debris  and  mud  and  enough  clear  water  should 
be  pumped  in  to  wash  out  any  sulphxur  or  alkaline  water." 

To  pump  clear  water  into  any  well  at  any  time  before  its  completion 
is  a  questionable  proceeding,  even  if  drilled  with  the  cable  tools  in  a 
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hard  formation.  In  wells  drilled  in  unconsolidated  formations  with  the 
rotary  such  action  would  mean  complete  destruction  of  the  well.  Only 
after  all  cementing  is  done  and  the  well  is  completed  and  fully  pro- 
tected by  casing  or  screens  is  washing  with  clear  water  practicable. 

Quoting  again  from  the  same  source:  ''5.  Previous  to  cementing, 
some  definite  information  should  be  gained  relative  to  the  action  of  the 
water  in  the  hole  on  the  setting  qualities  of  the  cement." 

I  regard  it  as  not  to  the  point  to  talk  about  the  action  of  salt,  alkaline, 
sulphur,  or  gypseous  water  or  oil  in  the  hole  on  cement  when  the  neat 
Portland  cement  is  first  hydrated  with  suitable  water,  mixed  on  the 
surface,  and  passed  with  practically  no  chance  of  serious  contamination 
to  its  final  place. 

Quoting  again  from  the  same;  ''An  excess  of  gypsum  in  the  water 
might  delay  the  setting  of  ordinary  cement  three  or  four  months.'' 

I  would  be  glad  to  be  ''shown"  on  a  statement  of  this  kind.  Ex- 
periments of  E.  Candlot,  an  eminent  cement  expert  {Sibley  Journal  of 
Engineering f  January,  1905),  show  that  when  gypsum  was  ground  with 
cement  clinker  in  the  ratio  of  1}  parts  in  100,  which  proportion  was  found 
to  produce  the  best  effect  in  retarding  the  set,  the  maximum  time  for 
initial  set  was  5  hr.,  and  final  set  19  hr.,  and  not  three  or  four  months. 

Technical  Paper  No.  42,  Bureau  of  Miries,  on  p.  6,  describing  a  blow- 
out preventer,  says:  "The  preventer,  when  used,  is  always  placed  on 
the  last  string  of  casing  set  or  landed,  thus  controlling  the  flow  between 
that  string  and  the  drill  pipe  or  casing  that  is  being  lowered."  Then, 
same  page,  under  "Sealing  of  Artesian  Water  or  Gas  Strata"  says, 
"  This  end  can  be  easily  accomplished  in  drilling  with  a  rotary  rig  by  forc- 
ing muddy  water  to  the  bottom  of  the  well  through  one  of  the  lateral 
openings  of  the  preventer." 

Suppose,  for  instance,  the  preventer  casing  was  set  at  700  ft.  and 
the  drill  was  working  at  1,000  ft.,  leaving  300  ft.  of  hole  open.  It  would 
be  a  practical  impossibility  to  mud  the  bottom  of  the  hole  by  pumping 
muddy  water  into  the  top  of  the  well  between  the  casing  and  drill  pipe. 

It  is  an  elementary  requirement  in  rotary  drilling  and  mudding 
to  have  a  mud  circulation  down  the  drill  pipe,  or  a  casing,  and  up  between 
this  pipe  or  casing  and  the  walls  of  the  well,  if  any  mudding  is  to  be 
accomplished. 

The  wobble  of  the  rotary-drill  stem  must  do  the  plastering;  it  cannot 
be  efficiently  done  in  any  other  way.  Under  the  same  head  comes  a 
most  surprising  statement:  "The  mud  can  easily  be  removed  by  releasing 
the  pressure  or  bailing  down  the  water  in  the  hole." 

But  it  is  not  necessary  to  quote  more.  The  educated  engineer  that 
desires  some  infori^ation  on  well  drilling  and  operating  cannot  possibly 
study  out  how  mudding  and  cementing  is  really  done  from  such  a  report. 
In  marked  contrast  one  can  find  in  the  Institute  Transactions  exact. 
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clear,  and  authoritative  information  on  drilling  holes  in  prospecting 
for  coal,  also  on  mining  and  preparation  of  coal  forf market,  furnished J:)y 
men  who  have  actually  performed  the  work.  Unfortimately,  petroleum 
mining  has  not  had  like  information  on  drilling  wells,  and  on  refiiung 
and  marketing  the  oil. 

There  were  over  25,000  wells  drilled  for  oil  and  gas  in  the  United 
States  east  of  the  Rocky  moimtains  the  past  year,  or  a  well  completed 
every  21  min.  Their  average  cost  was  probably  between  $2,500  and 
$3,000  each,  or  between  $50,000,000  and  $75,000,000  was  expended  in 
drilling  to  keep  up  the  supply  of  oil  and  gas. 

It  is  really  surprising  that  no  more  has  been  written  upon  the  art  of 
drilling  wells  and  producing  oil  and  gas  by  men  experienced  in  these 
matters. 

The  recent  formation  of  a  technical  committee  on  Petroleum  and 
Gas  by  the  American  Institute  of  Mining  Engineers  comes  at  an  oppor- 
tune time,  and  I  trust  that  this  action  will  bring  out  in  the  future  as 
valuable  and  accurate  information  on  petroleum  mining  as  the  Institute 
has  in  the  past  published  on  coal  mining. 

Discussion 

Arthur  Knapp,  Ardmore,  Pa.  (communication  to  the  Secretary*). — 
Cementing  Short  Strings  of  Large-Sized  Casing. — The  necessary  fittings, 
such  as  back-pressure  valves,  nipples,  by-passes,  etc.,  for  12i-in.,  15-in., 
or  larger  size  casings  are  very  expensive.  These  strings  are  seldom  more 
than  500  ft.  long,  and  cementing  may  be  safely  accomplished  as  follows 
(see  Fig.  11): 

First  Plug. — ^This  is  a  cylindrical  wooden  plug  with  a  length  about 
twice  the  diameter.  A  hole  whose  diameter  is  one-third  that  of  the  plug 
is  bored  through  the  plug.  The  bottom  of  this  plug  is  fitted  with  a  cir- 
cular piece  of  belting  the  same  diameter  as  the  casing.  This  belting  is 
so  cut  as  to  form  a  flap  valve  over  the  lower  end  of  the  bored  hole  in  the 
plug. 

Second  Plug. — ^This  plug  is  a  cylinder  with  a  length  about  twice  the 
diameter,  and  the  customary  belting  is  nailed  on  its  lower  end. 

Lugs. — Four  brass  lugs  about  f  in.  in  diameter  are  inserted  in  the 
casing  shoe  in  such  a  manner  as  to  project  into  the  casing  about  1|  in. 

Operation. — The  flap  valve  on  the  first  plug  is  held  shut  by  several 
small  nails.  After  mud  circulation  is  established  around  the  casing  this 
plug  is  inserted  and  the  cement  pumped  in  on  top  of  it.  The  second 
plug  is  then  put  in  on  top  of  the  cement  and  the  pump  again  started. 
When  the  first  plug  reaches  the  brass  lugs  inserted  in  the  shoe  (see  Fig.  11) 

*  Received  Jan.  29,  1914. 
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it  can  go  do  further.  The  pump  preaaure  then  opena  the  valve  and  forces 
the  cemeut  through  the  plug  and  into  position  outfdde  of  the  caaing. 
When  the  second  plug  reaches  the  first  plug  the  pump  pressure  imme- 
diately iucreases,  showing  the  cement  to  be  in  place.  The  casing  is  then 
lowered  to  bottom  and  oementit^  has  been  accomplished.    It  is  good 


Fia.  11. — Cbuentino  Lakoe-Sieei>  Casino.         Fio.  12. — Top  Cabinq  Cougar. 

practice  to  leave  the  pump  pressure  on  the  casing  for  some  time  to  prevent 
any  back  flow,  should  there  be  a  leak  around  the  shoe. 

Ceme-nting  Very  Long  Strings  of  Casing. — The  use  of  tubing  (2J  to  4  in.) 
to  pump  cement  through  in  setting  long  strings  is  good  practice.  The 
contamjnation  with  mud  which  is  liable  to  occur  in  the  larger  casing  is 
materially  reduced  id  the  tubing.  The  total  inside  surface  of  2,500  ft. 
of  S-in.  casing  is  5,250  sq.  ft.,  and  of  3-in.  tubing  2,000  sq.  ft.,  the  ratio  be- 
ing as  their  respective  diameters. 

Fig.  12  shows  the  top  casing  collar.  A  steel  (never  cast-iron)  ring  is 
screwed  into  this  collar,  with  a  hole  through  it  large  enough  to  pass  a  tub- 
it^  collar.  A  second  ring  is  fitted  to  a  tubii^  nipple  with  packii^  in- 
serted to  pack  against  the  tubing  collar.    Packing  is  inserted  into  the 
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first  ring  and  on  it  the  second  ring  sets,  thus  effectually  sealing  the  top  of 
the  casing  and  preventing  back  flow  inside  of  the  casing. 

Fig.  1 3  shows  the  bottom  of  the  tubli^  and  casing.  The  tubing  is 
fitted  with  a  collar  Into  which  is  screwed  a  bushing.  Two  holes  are 
drilled  into  the  tubing  far  enoi^b  above  the  collar  so  that  when  the  bot- 
tom plug  hits  the  bushing  there  will  be  just  space  for  the  cement  to  pass 
out  above  it.  This  figure  shows  the  top  plug  at  the  instant  before  it 
reaches  the  bottom  plug  and  shuts  down  the  pump,  thus  indicating  that 
all  of  the  cement  has  passed  from  the  tubing.  When  the  cement  has 
all  been  pumped  into  place  the  ca»ng  is  lowered  to  bottom  and  cementing 


Fio.  13. — Bottom  op  Tubing  and  Casino. 

has  been  completed.  The  tubing  is  now  plugged  at  the  bottom  and  if 
pulled  would  be  full  of  mud.  It  is  often  pulled  this  way.  Fig.  3  also 
shows  a  sleeve  which  may  be  used  to  vent  the  tubii^  by  setting  the  string 
on  bottom  and  allow  the  string  to  be  pulled  dry. 

After  the  casii^  is  on  bottom  the  hose  connections  are  removed  and  a 
loiter  nipple  is  screwed  into  the  top  of  the  tubing.  The  string  of  tubing 
is  then  lowered  to  bottom.  This  causes  the  sleeve  to  slip  Up  on  the  tubing 
and  bring  the  vent  holes  into  line.  If  now  the  hose  connections  are 
again  screwed  on,  the  cement  left  in  the  bottom  of  the  casing  may  be 
pumped  out.  This  leaves  a  minimum  of  cement  to  be  drilled  out  after 
the  casing  is  set  and  is  an  advantage  over  the  method  of  using  full-sized 
plugs.  With  this  method  of  usii^  tubing  there  is  no  danger  that  an 
accident  to  the  cement  pump  will  leave  the  cement  where  it  will  set  in  the 
casing  or  tubing.  The  vent  at  the  bottom  of  the  tubing  will  allow  the 
circulation  of  mud  to  wash  superfluous  cement  from  the  well. 
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O.  p.  Hood,  Kttsburg,  Pa. — In  the  rotary  system  of  drilling  the  cir- 
culating mud  performs  several  functions.  It  removes  the  cuttings  from 
the  path  of  the  bit  and  gives  a  clean  surface  for  the  bit  to  work  upon,  it 
brings  the  cuttings  to  the  surface  where  they  can  be  examined,  it  may 
plaster  the  wall  of  the  hole  and  also  penetrate  some  of  the  formations. 

Mr.  Knapp  calls  special  attention  to  the  plastering  effect,  but  seem- 
ingly overlooks  the  matter  of  penetration  into  porous  formations.  If 
mudding  a  well  refers  to  plastering  the  wall  of  the  hole,  as  implied  in  the 
criticism  of  Bureau  of  Mines  Technical  Paper  42,  then  a  circulation  is  in- 
deed necessary  to  distribute  the  mud  thickened  by  the  cuttings  along  the 
length  of  the  hole.  There  is,  however,  an  action  of  muddy  water  quite 
apart  from  plastering  the  walls  of  the  well  and  which  does  not  depend  upon 
circulation.  A  fluid  may  flow  from  a  formation  into  a  bore  hole  because 
of  a  reduced  pressure  at  the  hole,  but  the  direction  of  this  flow  can  be 
reversed  by  creating  a  fluid  pressure  in  the  hole  greater  than  that  in  the 
formation.  The  amount  of  radial  flow  will  depend  upon  the  pressure 
difference,  the  porosity  of  the  formation,  and  the  viscosity  of  the  fluid.  A 
muddy  fluid  of  such  character  that  fine  clay  will  stay  in  suspension  will 
finally  clog  the  small  and  tortuous  passages  by  deep  penetration  laterally 
into  the  formation. 

Maintaining  a  sufficiently  high  static  pressure  on  a  column  of  muddy 
fluid,  even  without  circulation,  will  therefore  produce  an  effect  in  closing 
a  formation.  By  releasing  the  pressure  sufficiently  the  passages  can  again 
be  cleaned  by  the  superior  pressure  within  the  formation.  This  action 
is  independent  of  any  plastering  of  the  surface  and  of  any  wobbling  of  the 
drill  pipe. 

The  use  of  mud  fluid  dates  back  to  at  least  1889,  but  has  been  re- 
stricted to  such  conditions  as  described  by  Mr.  Knapp,  where  it  was  be- 
lieved fundamental  that  such  mud  should  circulate  down  the  drill  pipe, 
up  the  walls  of  the  well,  and  overflow  to  a  mud  pit  at  the  surface.  Re- 
liance on  the  radial  flow  of  the  mud,  and  particularly  as  applied  to  the  dry 
hole  method  of  cable-tool  drilling,  is  believed  to  be  recent  and  has  had 
numerous  successful  applications  in  the  Oklahoma  field. 

Ralph  Arnold  and  V.  R.  Garfias,  Los  Angeles,  Cal.  (communication 
to  the  Secretary*). — Under  the  heading  "Difficulty  of  Getting  Reliable 
Information,"  Mr.  Knapp  makes  the  following  criticisms  on  Technical 
Paper  No.  32,  Bureau  of  Mines,  Cementing  Process  of  Excluding  Water 
as  Practised  in  California,  by  ourselves.  He  first  takes  exception  to  the 
following  recommendation  made  by  us  for  the  accomplishment  of  a 
successful  cementing  operation: 

"The  well  should  be  cleaned  of  all  debris  and  mud,  and  enough  clear  water  should 
be  pumped  in  to  wash  out  any  sulphur  or  alkaline  water. " 

*  Received  May  4,  1914. 
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We  do  not  know  what  is  considered  good  practice  in  Pennsylvania, 
but  the  above  recommendation  seems  to  be  warranted  in  California  and 
is  followed  generally  by  up-to-date  cementers  here;  at  all  events,  if  Mr. 
Knapp  is  correct,  we  err  in  common  with  many  well-posted  California 
operators.  In  corroboration  of  this  and  for  ease  of  reference,  we  will 
quote  only  from  the  very  interesting  paper  by  F.  W.  Oatman^ 
presented  before  the  Institute  at  the  same  time  as  the  paper  here 
discussed. 

''The  water  string  is  raised  a  foot  or  so  from  bottom  and  water  pumped  down 
inside  the  casing  and  up  to  the  surface  around  the  outside  of  the  casing.  The  purpose 
of  this  is :  To  assure  the  operator  that  there  is  free  circulation ;  to  wash  away  the  mud, 
oil,  etc.,  from  the  sides  of  the  casing  and  the  hole,  so  that  cement  may  adhere  thereto; 
to  open  the  space  around  the  casing  so  that  a  complete  ring  of  cement  may  form. 
This  water  circiilation  may  be  continued  for  a  considerable  period,  someUmes  (u  much 
as  30  kr,  or  more,  to  dean  the  hole  thoroughly. " 

Of  course,  one  readily  can  imagine  a  combination  of  imusual  conditions 
which  might  render  the  pumping  of  clear  water  always  injurious,  and 
perhaps  such  prevail  in  Pennsylvania,  but  one  should  not  lose  sight  of  the 
fact,  as  indicated  by  the  title  of  our  paper,  that  the  information  contained 
therein  applies  only  to  California. 

Mr.  Knapp  also  takes  exception  to  that  part  of  our  fifth  recommenda- 
tion reading  as  follows: 


''Previous  to  cementing,  some  definite  information  should  be  gained  relative  to  the 
action  of  the  water  in  the  hole  on  the  setting  qualities  of  the  cement, 


tt 


and  he  regards  as  ''  not  to  the  point  to  talk  about  the  action  of  salt,  alka- 
line, sulphur,  or  gypseous  water  or  oil  in  the  hole  on  cement  ..." 
The  writers  fully  agree  with  Mr.  Knapp  upon  the  uselessness  of  only  talk- 
ing about  these  matters  but  they  strongly  favor  the  advisability  of  gain- 
ing some  definite  information  as  to  the  action  on  the  cement  of  the  water 
in  the  well. 

Again  quoting  from  the  instructive  paper  of  Mr.  Oatman,  p.  638: 

"Considerable  experimental  work  has  been  done  by  many  investigators  to  deter- 
mine the  effect  of  various  salts  on  rate  of  setting.  Calcium  chloride,  CaCli,  decreases 
time  of  set,  and  if  over  2  per  cent,  by  weight  is  used  is  likely  to  so  hasten  the  set  as  to 
make  the  cement  difficult  to  handle.  The  use  of  i  per  cent,  of  sal  soda,  NaiCOsj 
has  been  found  effective  in  hastening  the  set  in  wells  troubled  with  gas. 

''Since  hot  water  i^  encountered  in  many  oil  fields,  its  effect  on  cement  is  worthy  of 
notice.  In  general  it  may  be  stated  that  the  time  of  setting  decreases  with  increasing 
temperature. " 

If  the  physical  and  chemical  properties  of  the  .water  in  certkin  cases, 
however  few,  aflfect  the  behavior  of  cement,  as  noted  by  Mr.  Oatman,  it  is 
obviously  important  to  ascertain  these  facts  before  cementing,  particu- 

^  Water  Intrusion  and  Methods  of  Prevention  in  California  Oil  Fields,  this 
volume,  p.  627. 
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larly  when  such  an  investigation  usually  requires  little  expencUture  of 
time  and  money. 

Mr.  Knapp  also  objects  to  the  following  from  the  same  paragraph: 

"An  excess  of  gyx>sum  in  the  water  might  delay  the  setting  of  ordinary  cement  three 
or  four  months. " 

The  statement  as  made  is  correct,  for  an  excess  of  gypsum  in  the  water 
did  delay  the  setting  of  ordinary  cement  three  or  four  months;  as  ex- 
plained below  by  Prof.  C.  W.  Wing,  head  of  structural  engineering  at 
Leland  Stanford,  Jr.,  University,  in  a  letter  to  the  junior  author: 

"In  the  basement  of  the  Royal  Insurance  Building  in  San  Francisco  some  difificulty 
with  the  setting  of  the  cement  was  experienced.  This  basement  was  some  six  or  eight 
feet  in  places  below  the  ground  water  lines.  .  .  The  floor  was  a  foot  or  more  in  thickness, 
and  when  the  tune  came  for  placing  the  water  proofing  coating  it  was  found  that  the 
concrete  in  the  floor  had  failed  to  harden,  although  at  the  time  I  vidted  it  it  was  more 
than  a  month  old.  In  some  of  the  depressions  seepage  water  was  standing.  In 
investigating  the  causes  of  the  slow  setting  of  the  concrete  it  was  found  that  this 
building  was  in  line  with  a  gypsum  spring  that  used  to  exist  on  the  hillside  above  the 
building.  An  analysis  of  the  seepage  water  showed  that  it  contained  appreciable 
quantities  of  gypsum,  and  briquette  samples  of  cement  stored  in  this  water  failed  to 
harden  and  reach  the  same  strength  that  identical  samples  stored  in  the  laboratory 

gave While  this  hardening  had  been  delayed  there  was  no  reason  to  suppose 

that  in  due  course  of  time  the  concrete  would  not  reach  its  full  strength The 

basement,  on  my  recommendation,  was  finished  as  originally  designed,  and  as  far  as 
I  know  has  never  given  any  trouble.  The  effect  of  the  gypsum,  therefore,  was  merely 
to  delay  the  hardening  of  the  concrete  and  not  to  destroy  its  value.  ...  A  series 
of  tests  with  Portland  cements  in  which  the  only  gypsum  is  that  contained  in  the  water 
would  determine  the  effect  of  gypsum  in  the  water  upon  the  rate  of  setting  of  the 
cement." 

It  should  be  noted  by  the  wording  of  the  paragraph  in  question  that 
this  condition  was  not  intended  to  represent  an  every-day  occurrence, 
but  one  which  might  be  repeated,  and  the  writers  deemed  it  advisable  to 
caution  operators  against  such  a  possibility.  We  were  very  glad  indeed 
"to  be  shown"  when  Professor  Wing  brought  this  to  our  attention. 

Mr.  Knapp  then  takes  issue  with  statements  made  by  us  in  Technical 
Paper  No.  42,  published  by  the  Bureau  of  Mines.  As  the  quoted  portions 
do  not  convey  the  complete  meaning  intended  by  the  writers,  we  beg  to 
quote  in  full  the  paragraphs  in  question: 


** Sealing  of  Arteeian-Water  or  Gas  Strata 


t9 


"It  sometimes  becomes  necessary  to  exclude  from  the  drill  hole  water  or  gas  found 
in  an  overlying  sand  in  order  to  control  the  well  or  to  recover  or  test  for  the  oil  below. 
This  end  can  be  easily  accomplished  in  drilling  with  a  rotary  rig  by  forcing  muddy 
water  to  the  bottom  of  the  well  through  one  of  the  lateral  openings  of  the  preventer, 
the  pressure  being  regulated  by  closing  the  valve  connected  to  the  other  opening.  A 
back-pressure  valve  in  the  drill  pipe  will  prevent  the  flow  of  the  mixture  through  this 
VOL.  xLVin.— 43 


674  CEMENTING  OIL  AND  GAS  WELLS 

casing.  By  drilling  a  short  distance  and  forcing  as  much  mud  as  possible  into  the 
porous  sands  penetrated,  a  plastered  wall  of  clay  is  built  throughout  the  gas-be&ring 
or  water-bearing  strata.  After  the  entire  thickness  has  been  penetrated  and  the  casmg 
landed  in  an  impervious  bed,  another  string  may  be  used  to  tap  the  oil  sands  below. 
The  gas  thus  excluded  can  be  recovered  afterward  by  drilling  shallower  wells  to  the 
upper  sands. 

"This  method  can  also  be  employed  in  drilling  the  entire  thickness  of  a  gas  or  oil 
sand  under  tremendous  pressures,  an  operation  that  might  otherwise  prove  trouble- 
some. The  mud  can  easily  be  removed  by  releasing  the  pressure  or  bailing  down  the 
water  in  the  hole,  a  strainer  or  perforated  casing  being  placed  in  the  sand  to  prevent 
the  wall  of  the  well  from  caving  when  the  pressure  is  released." 

Mr.  Knapp's  opinion  to  the  contrary  notwithstanding,  the  above 
description  represents  actual  conditions  which  have  been  put  into  practice 
by  J.  A.  Pollard  and  other  petroleum  engineers. 

I.  N.  EiiAPP  (communication  to  the  Secretary*). — ^The  discussion  of 
Messrs.  Arnold  and  Garfias  of  my  paper  on  Cementing  Oil  and  Gas  Wells 
has  been  carefully  read  to  me.  Also,  I  have  read  F.  W.  Oatman's  paper 
and  I  do  not  think  it  has  been  interpreted  correctly  by  them. 

They  quote  Mr.  Oatman  as  washing  out  the  well,  presumably  with 
dear  water,  '^  to  open  the  space  aroimd  the  casing  so  that  a  complete  ring  of 
cement  may  form."  No  one  can  by  any  practical  means  direct  the  action 
of  the  clear  water  so  that  it  will  produce  this  ideal  condition,  which  must 
be  approached  to  successfully  cement  in  well  casing.  Clear  water  by  its 
solvent;  erosive,  and  undirected  action  will  tend  to  wash  away  the  walls  of 
the  well  at  points  of  least  resistance  and  work  away  from  the  ideal 
condition. 

My  paper  explains  in  detail  how  to  bring  a  well  into  condition  for 
cementing,  so  I  will  not  repeat.  If  Mr.  Oatman  is  working  in  territory 
where  the  walls  of  a  well  will  stand  30  hr.  washing  with  water,  he  is  to  be 
congratulated  on  not  having  difficult  territory  to  handle.  He  is  again 
quoted  as  to  experimental  work  to  determine  the  effect  of  various  salts, 
and  troubles  with  gas,  oil,  and  hot  water  in  cementing  wells. 

As  I  have  shown  in  my  paper,  all  ground  water,  oil,  and  gas  may  and 
should  be  excluded  from  a  well  before  cementing,  so  it  is  not  necessary  to 
consider  their  action  on  cement  imless  the  driller  deliberately  elects  to  let 
them  bother  him. 

Now  as  to  hot  water.  I  did  not  discuss  this  in  my  paper,  but  I  have 
drilled  into  a  water-bearing  horizon  of  a  known  temperature  of  99^  F. 
with  the  rotary,  using  a  mud  circulation.  This  mud,  as  coming  from  the 
well  until  drilling  stopped,  did  not  exceed  72^  F.  as  noted  by  a  standarized 
thermometer.  There  would  have  been  ample  time  to  have  cemented 
without  much  increase  in  this  temperature.  This  was  clearly  shown  by 
the  fact  that  when  the  well  was  bailed  and  the  hot  water  warmed  up  the 


*  Reoeiyed  May  14,  1914. 
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casing  it  expanded  /ully  10  in.  in  1,880  ft.    Thus  hot-water  conditions 
admit  of  easy  control. 

The  quotation  from  Prof.  C.  W.  Wing's  letter  does  not  distinguish 
between  ''setting"  and  "hardening"  of  cement  or  concrete.  It  is  not 
made  clear  that  the  gypsum  spring  was  the  cause  of  the  concrete  failing 
to  harden,  as  the  same  result  might  have  been  produced  in  other  ways.  I 
would  refer  to  my  paper  (p.  651)  as  to  the  difference  between  "setting" 
and  ''hardening"  of  cement.  I  still  object  and  desire  "to  be  shown" 
that: 

"An  excess  of  gypsum  in  the  water  might  delay  the  setting  of  ordinary  cement 
three  or  four  months." 

Let  US  not  forget  the  main  point,  as  yet  uncontroverted,  that  all 
ground  water,  gas,  and  oil  may  and  should  be  excluded  from  a  well  before 
cementing. 


676      THE  KILLINO  OF  THE  BURNING  GAS  WELL  IN  THE  CADDO  OIL  FIELD^ 


N. 


The  Eillini;  of  the  Burning  Gas  Well  in  the  Caddo  Oil  Field,  Louisiaiia 

BT  C.  D.  KBEN»   BHREVEPOBT,   LA. 
(New  York  Meeting,  Februaxy,  1914) 

In  the  latter  part  of  the  summer  of  1913  the  Conservation  Com- 
mission of  the  State  of  Louisiana,  under  presidency  of  M.  L.  Alexander, 
decided  to  stop  the  waste  of  natural  gas  going  on  at  the  ''  burning  gas- 
well,"  located  about  }  mile  southeast  of  Oil  City,  La.  On  several  oc- 
casions, both  in  newspapers  and  in  reports,  comment  had  been  made  on 
the  condition  of  this  well,  its  harmful  effect  on  the  Caddo  gas  field,  and 
the  considerable  loss,  estimated  at  several  thousand  dollars  each  month, 
caused  by  the  escape  of  the  valuable  fuel.  But  nothing  had  been  done 
to  bring  the  well  under  control  and  prevent  further  waste  of  gas  until 
the  State  Conservation  Commission  took  the  matter  in  hand. 

The  gas  fields  of  Louisiana  are  among  the  greatest  in  the  country. 
So  far  most  of  the  gas  has  been  found  in  the  Caddo  field  proper,  although 
considerable  development  has  been  done  in  and  around  the  city  of 
Shreveport  and  near  the  town  of  Mansfield  in  DeSoto  parish.  To  ex- 
tend the  life  of  the  gas  fields  and  to  prevent  the  quick  exhaustion  of  the 
supply  of  the  natural  fuel  are  matters  of  vital  importance  for  this  section 
of  the  country. 

Four  gas  companies  have  entered  the  Caddo  field  and  supply  the 
surrounding  towns  and  cities  with  gas.  The  Arkansas  Natural  Gas  Co. 
has  pipe  lines  to  Little  Rock,  Ark.,  and  supplies  gas  to  the  following 
cities  and  towns  in  that  State:  Texarkana,  Hope,  Garland,  Emmet, 
Prescott,  Boughton,  Beirne,  Gurdon,  Arkadelphia,  Gum  Springs,  Mal- 
vern, Donaldson,  Gifford,  Perla,  Beaton,  Beauxite,  Mabelvale,  Bryant, 
Sheridan,  Pine  Bluff,  Little  Rock,  Arg^nta,  Pulaski  Heights,  and  Hot 
Springs.  The  Southwestern  Gas  &  Electric  Co.  transports  gas  to 
Mooringsport,  Blanchard,  Caddo,  Rodessa,  Oil  City,  Vivian,  Bloomburg, 
Hosston,  Ida,  Dixie,  Belcher,  and  Shreveport.  The  Marshall  Gas  Co. 
supplies  gas  to  the  town  of  Marshall,  Texas.  The  Louisiana  Co.  has  a 
line  to  Shreveport. 

In  the  oil  field  the  gas  is  used  for  drilling  purposes,  and  the  operators 
either  have  their  own  gas  system  or  buy  from  the  gas  companies.  At  the 
present  time  the  surroimding  territory  depends  for  its  f ud  supply  on  the 
Caddo  field,  and  the  importance  of  the  conservation  of  the  natural-gas 
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resources  of  the  State  was  fully  appreciated  by  the  Commission^  when 
it  ordered  the  killing  of  the  "wUd  well." 

The  object  of  the  present  paper  is  to  give  an  account  of  the  effective 
method  by  which  the  Commission,  represented  by  its  Agent,  J.  W. 
Smithy  brought  the  we]}  under  control,  by  drilling  a  relief  well  to  the 


Fig.  1. — Sketch  Map  of  the  Caddo  Oil  Field,  Caddo  Parish,  La. 

stratum  from  which  the  well  was  blowing  out  and  forcing  water  under 
high  pressure  through  the  bore  hole  into  the  gas  sand. 

It  may  be  useful  to  give  a  short  sketch  of  the  geological  occurrence 
of  oil  and  gas  in  the  Caddo  field.  Those  interested  in  the  subject  are 
referred  to  Bulletin  No.  429,  U.  S.  Geological  Survey  (Oil  and  Gas  in 
Louisiana,  by  G.  D,  Harris),  for  a  complete  description  of  the  field. 
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Locaium 

The  oil  and  gas  field  is  located  in  Caddo  parish,  in  the  northwestern 
part  of  the  State  of  Louisiana,  about  20  miles  north  of  the  city  of  Shreve- 
port,  as  shown  in  Fig.  1.  The  field  proper  begins  at  the  town  of  Moor- 
ingsport  and  extends  in  a  direction  west  of  north  for  about  12  miles,  the 
width  of  the  field  ranging  from  6  to  8  miles. 
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Occurrence  of  OH  and  Gas  in  the  Caddo  Field 
The  strata  encountered  by  the  drill  in  the  Caddo  field  belong  to  the 
Lower  Tertiary  and  Upper  Cretaceous.    They  consist  mostly  of  soft 
shales,  marls,  and  clays,  with  the  exception  of  the  Nacatoch  sand,  the 
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Annona  chalk,  the  Sub-Clarksville  sand;  and  the  Woodbine  sand.  Fig. 
2  is  a  general  section  of  the  strata. 

NcLcatach  Sand. — The  Nacatoch  sand  is  encountered  at  a  depth  rang- 
ing from  750  to  850  ft.  from  the  surface,  according  to  local  topography 
and  stratigraphy.  The  upper  part  of  the  formation  is  developed  as  a 
close,  hard  quartzite,  the  thickness  of  which  varies  from  8  to  10  ft. 
The  quartzite  is  an  excellent  cap  rock  for  the  gas,  found  in  the  sand 
below.  The  gas  formation  is  a  close,  fine-grained  sandstone  or  a  packed 
sand,  the  thickness  of  which  seldom  exceeds  20  ft. 

Directly  imder  the  gas  sand,  still  in  the  Nacatoch  formation,  the  drill 
strikes  sand  beds  which  contain  salt  water.  Great  precaution  has  to 
be  exercised  not  to  drill  a  gas  well  into  salt  water  and  it  is  not  advisable 
to  enter  more  than  8  or  10  ft.  in  the  gas  formation.  .The  total  thickness 
of  the  formation  may  be  estimated  at  100  ft. 

In  that  part  of  the  field  known  as  the  Shallow  Territory,  lying  east 
of  the  town  of  Vivian  (see  Fig.  1),  the  Nacatoch  sand  yields  a  heavy 
fuel  oil. 

When  the  Caddo  oil  field  was  first  discovered  the  gas  from  the  Naca- 
toch sand  gave  the  drillers  considerable  trouble  on  account  of  the  high 
rock  pressure,  which  at  the  time  was  450  lb.  to  the  inch.  On  several 
occasions  the  drilling  mud  was  blown  out  by  the  gas  and  the  wells  could 
only  be  kept  under  control  with  great  difficulty.  The  rock  pressure 
quickly  declined,  however,  partly  because  of  the  enormous  quantities 
of  gas  used  for  commercial  purposes,  partly  on  account  of  a  great  volume 
of  the  fuel  going  to  waste.  At  the  present  time  the  rock  pressure  of  the 
Nacatoch  gas  sand  does  not  exceed  100  lb.  to  the  inch. 

SrA-ClarksviUe  Sand. — ^The  Sub-Clarksville  sand  is  the  second  gas 
horizon  in  the  field.  It  is  encountered  at  a  depth  ranging  from  1,800  to 
1 ,900  ft.  Its  structure  is  almost  identical  with  that  of  the  Nacatoch  sand. 
It  has  shown  gas  under  high  pressure  in  several  wells,  but  so  far  the  Naca- 
toch sand  furnishes  practically  all  the  gas  now  being  used  from  the 
Caddo  field.  Like  the  Nacatoch  sand,  the  bottom  of  the  formation  con- 
tains salt  water  in  great  quantities.  Its  total  thickness  varies  from  75 
to  150  ft. 

Woodbine  Sand. — ^This  is  the  horizon  from  which  the  bulk  of  the  oil 
in  the  Caddo  field  is  obtained.  It  is  overlain  by  the  Eagleford  shales. 
There  are  no  sharp  lines  of  division  between  the  two  formations.  At  a 
depth  of  about  2,150  to  2,200  ft.  the  Eagleford  shales  become  more  sandy 
and  change  gradually  into  the  Woodbine.  The  Woodbine  is  developed 
in  Caddo  as  a  series  of  interstratified  sands  and  shales;  the  horizontal 
as  well  as  the  vertical  distribution  of  the  sand  in  the  shale  is  very 
irr^ular,  caused  by  the  thinning  out  of  the  sand  lenses  and  the  grading 
into  sandy  shale  and  shale.  It  is  a  t3rpical  shallow-water  deposit,  the 
sudden  changes  in  structure  being  caused  by  changing  tides,  winds,  and 
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currents.  It  is  in  these  sands  that  the  big  oil  wells^  for  which  the  Caddo 
field  is  famous,  are  struck.  In  the  bottom  of  the  Woodbine,  under  the 
oil-bearing  sands,  salt  water  is  encoimtered,  as  in  the  gas  sands. 

Annona  Chalk. — Mention  must  be  made  of  the  occurrence  of  oil  in 
places  in  the  Annona  chalk.  The  ''  chalk  rock"  is  struck  at  about  1,300 
ft.  and  has  a  thickness  of  300  to  350  ft.  The  occurrence  of  this  oil  is 
not  sufficiently  explained.  From  the  data  at  hand  it  seems  that  the  oil 
fills  crevices  which  have  been  caused  by  slight  faulting. 

History  of  the  ** Burning  WdV^ 

The  well  is  situated  in  the  SE.  J  of  the  NE.  J  of  the  SW.  i  of 
Section  7,  T.  20  N.,  R.  15  W.,  on  a  10-acre  tract  owned  by  B.  G.  Dawes, 
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Fig.  3. — Map  Showing  the  Location  of  the  Bubning  Well. 


Trustee.  Fig.  3  is  a  map  of  the  region.  Work  on  the  well  was  started 
on  Mar.  17,  1908.  On  May  11,  1908,  the  drillers  had  reached  a  depth 
of  2,065  ft.  The  well  was  cased  off  with  300  ft.  of  10-in.  casing  pipe 
and  900  ft.  of  8i-in.  casing  pipe.  The  6-in.  casing  pipe  was  not  set 
yet.  During  the  day  the  well  began  to  give  trouble  and  blew  out  from 
the  1,800-ft.  gas  stratum  (Sub-Clarksville  sand).  The  drilling  mud 
was  made  as  heavy  as  possible  and  the  driller  started  to  pull  the  4-in. 
drill  pipe  out  of  the  hole  to  change  the  drill  bit.  In  the  night  during 
a  heavy  rainstorm,  while  the  4-in.  drill  pipe  was  being  put  back  and  was 
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about  350  ft.  from  the  bottom^  the  well  blew  the  drilling  mud  out' again 
with  much  more  violence  than  before.  The  gas  pressure  raised  the  drill 
pipe  up,  which  unlatched  the  elevators,  and  the  drill  pipe  dropped  350 
ft.  in  the  bore  hole. 

The  well  continued  to  blow  out,  increasing  all  the  time  in  volume, 
which  was  estimated  the  next  day  at  40,000,000  cu.  ft.  in  24  hr.  The 
well  also  made  a  strong  salt-water  flow.  The  owners  of  the  well  did 
everything  in  their  power  to  get  the  well  imder  control.  A  lubricator^ 
was  made  of  two  pieces  of  S^-in.  pipe  and  screwed  on  the  S^-in.  casing 
to  kill  the  well,  but  as  soon  as  the  valves  were  closed  the  gas  broke  the 
seats  of  the  S^-in.  and  10-in.  casings  and  began  to  blow  out  under  the 
derrick  floor.  The  valves  on  the  lubricator  had  to  be  opened  up  again, 
to  release  the  pressure  from  the  casing,  but  the  flow  of  gas  around  the 
8}-in.  casing  had  relieved  the  pressure  of  the  drilling  mud  on  the  800- 
ft.  gas,  which  now  started  to  blow  out  between  the  10-in.  and  the  SJ-in. 
casings. 

On  the  evening  of  May  13  a  cyclone  completely  destroyed  the  derrick 
and  drilling  rig.  A  deep  hole  was  dug  around  the  10-in.  casing,  with  the 
well  open,  flowing  gas  and  salt  water,  with  the  object  of  putting  a  cement 
block  around  it,  which  might  hold  the  gas  back  long  enough  to  lubricate 
the  well.  At  20  ft  from  the  top  a  split  was  found  in  the  10-in.  casing 
pipe.  After  several  days  the  drillers  succeeded  in  getting  a  joint  of  14- 
in.  pipe  over  the  10-in.  pipe  and  the  two  were  cemented  together,  and  a 
big  block  of  solid  cement  was  placed  around  the  casing.  The  cement 
was  allowed  several  days  to  harden,  while  the  well  was  blowing  gas  and 
salt  water.  Then  a  second  attempt  was  made  to  lubricate,  but  the  pres- 
sure was  so  strong  that  the  gas  escaped  outside  the  10-in.  casing  into  the 
shallow-water  sand,  which  is  foimd  at  about  75  ft.  in  that  part  of  the 
field,  and  blew  out  on  the  ground  about  300  ft.  away  from  the  well. 
The  well  had  to  be  opened  up  again  and  all  the  material  brought  in  safely 
and  a  last  attempt  made  to  kill  the  blowout.  But  the  gas  continued  to 
escape  aroimd  the  well,  coming  closer  and  closer  to  the  hole.    The  owners 


^  A  well  is  killed  with  a  lubricator  in  the  following  maimer:  Two  lengths  of  pipe, 
with  gate  valves  at  the  top  and  bottom,  are  screwed  on  the  casing  of  the  well,  the  lower 
valve  is  closed  and  the  two  pieces  of  pipe  filled  with  heavy  mud.  Then  the  upper 
valve  is  closed  and  the  lower  valve  opened.  The  pressure  in  the  well  and  in  the 
lubricator  becon^es  equal  and  the  mud  drops  through  the  lower  valve  into  the  well. 
The  lower  valve  is  closed  and  the  upper  valve  opened  again  and  the  operation  is 
repeated  imtil  the  bore  hole  is  filled  to  the  top  with  heavy  mud  and  the  blowout 
stopped.  The  operation  of  lubricating  takes  considerable  time,  and  nowada3r8  a 
better  method  is  used.  The  well  is  directly  connected  up  with  a  line  pimip,  that  can 
put  up  a  pressure  of  700  or  800  lb.  to  the  inch.  Then  the  well  is  closed  in  and  the 
pressure  in  the  well  rims  up  to  the  rock  pressure;  but  the  pump  is  able  to  work  against 
that  pre8Siu*e,  and  the  bore  hole  is  filled  with  mud  in  a  much  shorter  time  than  with 
the  lubricator. 
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then  abandoned  the  well,  considering  it  impossible  to  get  it  under  control. 
In  less  than  three  weeks'  time  the  escaping  gas  and  water  had  formed  a 
crater  around  the  well  at  least  100  ft.  in  diameter,  which  the  waves  made 
larger  and  deeper  as  the  time  passed. 

In  Jime;  1908,  the  well  was  put  on  fire  because  the  gas  was  a  con- 
tinuous danger  to  those  who  had  to  work  and  live  in  the  surrounding 
woods.  The  well  stopped  burning  in  Feburary,  1909,  but  caught  fire 
again  soon  afterward.  The  well  was  allowed  to  run  wild  until  the  summer 
of  1913.  Most  of  the  time  the  gas  was  burning,  but  heavy  rainstorms 
and  wind  would  put  it  out.  After  a  few  days  the  gas  would  catch  fire 
again.  The  muddy  waves  caused  by  the  escaping  gas  kept  on  washing 
more  and  more  material  in  the  hole,  thus  increasing  the  size  and  depth 
of  the  crater,  until  finally  they  had  formed  a  circular  pool  225  ft.  in  di- 
ameter, in  the  center  of  which  the  escaping  gas  threw  up  a  body  of  mud  25 
or  30  ft.  high. 

The  volume  of  the  gas  escaping  from  the  well  at  the  end  of  its  life 
was  estimated  by  experts  to  be  between  8,000,000  and  10,000,000  ft. 
per  day.  Not  only  was  this  waste  of  gas  deplorable,  the  value  of  which, 
at  about  2)  c.  per  1,000  cu.  ft.  at  the  well,  amounted  to  about  $250 
per  day,  but  also  the  well  affected  the  rock  pressure  of  the  surrounding 
territory,  which  had  fallen  below  100  lb.  to  the  inch,  and  allowed  the 
salt  water  which  occurs  in  the  bottom  of  the  Nacatoch  sand  to  enter  the 
gas  formation. 

Killing  of  the  Well 

When  the  Conservation  Commission  took  the  matter  in  hand  it  was 
decided  to  first  empty  the  pool  which  the  blowout  had  made,  to  find  out 
the  condition  of  the  casings.  It  took  about  20  days  to  empty  the  crater. 
The  shape  of  the  crater  is  shown  in  Fig.  4.  Tte  bottom  of  the  pool 
sloped  from  the  border  for  about  50  ft.  imtil  it  reached  a  depth  of  about 
10  ft.  below  the  surface.  From  there  the  crater  had  a  conical  shape, 
with  a  diameter  of  about  125  ft.  sloping  down  to  the  old  bore  hole,  where 
it  had  a  depth  of  from  37  to  40  ft.  The  top  of  the  10-in.  and  the  8i-in. 
casings  could  be  seen  in  the  bottom  of  the  crater.  The  well  was  not 
blowing  outside  the  10-in.  casing  pipe.  Evidently  after  the  pressure 
of  the  well  had  gone  down,  the  caving  mud  had  fallen  in  around  the  10-in. 
casing  so  that  the  water  and  gas  could  only  escape  between  the  10-in. 
and  S^-in.  casings.  It  was  observed  that  the  well  blew  out  cold  salt 
water,  which  showed  from  what  depth  the  blowout  was  taking  place, 
because  the  salt  water  found  in  the  deep  sand  rock  is  warm,  whereas  the 
water  from  the  Nacatoch  sand  has  a  much  lower  temperature. 

The  tops  of  both  casings  were  worn  very  thin  and  it  was  impossible 
to  screw  any  connections  on  to  them.    The  original  plan  was  to  set  a 
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disk  wall  packer  inside  the  8i-in.  casing  oa  4-iQ.  pipe  about  100  ft.  from 
the  top  and  let  the  well  blow  through  the  4-iQ.  pipe,  then  pack  the  space 
between  the  S^in.  and  the  10-in.  casings  with  a  stufiBi^-box  casing 
head  and  make  a  cement  block  outside  the  10-in.  casing,  after  which 
the  well  perhaps  could  be  closed  in.  But  the  condition  of  the  top  of  the 
3  would  not  allow  this  scheme  to  be  carried  out.    Then  it  was  de- 


Pio.  4. — View  of  Crateb  of  Bubnino  Well  Atteb  bsino  Puupkd  Dbt. 

cided  to  drill  a  well,  which  was  called  a  "relief  well,"  as  close  to  the  old 
hole  as  was  possible  under  the  circumstances,  and  to  try  to  stop  the 
flow  of  gas  and  water  by  pumping  water  or  mud  in  the  gas  formation. 
The  contract  for  drilling  the  well  was  let  to  W.  W.  Blocker. 

When  the  pumps  were  moved  the  crater  filled  up  with  the  salt  water 
thrown  out  by  the  well. 

This  relief  well  was  drilled  on  the  southeastern  side  of  the  crater, 
at  a  distance  of  125  ft.  from  the  center,  as  shown  in  Fig.  5.    The  hole  was 
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cased  off  with  211  ft.  of  lO-in.  casing  and  792  ft.  11  in.  of  8-in.  cadng 
pipe,  both  cemented.  The  8-in.  casing  pipe  was  set  on  the  top  of  the 
Nacatoch  sand.  The  cement  was  allowed  to  harden  for  nine  days, 
after  which  the  seat  of  the  8-in.  casing  was  tested.    Mr.  Smith  ordered 
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Fig.  5. — Section  through  Bxtbnino  Well  and  Relief  Well. 

the  well  to  be  drilled  with  clear  water  20  ft.  in  the  Nacatoch  formation. 
The  rock  encountered  in  this  20  ft.  was  not  porous  enough,  in  the  judg- 
ment of  Mr.  Smith,  to  attempt  to  pump  in  water.  The  well  was  then 
drilled  20  ft.  deeper  in  the  same  formation,  the  total  depth  being  832  ft. 
The  formation  found  in  the  last  20  ft.  was  a  coarse  sand  rock,  con- 
siderably more  porous  than  the  first  20  ft.  below  the  8-in.  caang.    It  was 
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decided  to  make  the  experiment  at  this  depth.  A  reservoir  covering  3 
acres  of  land,  ranging  in  depth  from  6  in.  to  3  ft.,  was  filled  with  water, 
and  the  8-in.  casing  was  connected  with  the  piunp  and  the  full  pressure 
put  on  the  formation. 

The  pump  used  was  an  ordinary  10  by  6  by  12  in.  rotary  drilling 
pump;  the  boiler  pressure  was  120  lb.  per  inch  and  the  pressure  put  up 
by  the  pump  as  registered  by  the  gauge  was  310  lb.  per  inch.  After 
the  hole  was  filled,  the  pimip  ran  at  about  5  rev.  per  minute  for  1  hr., 
corresponding  to  a  volimie  of  about  29  gal.  per  minute  being  forced  into 
the  gas  formation.  During  the  next  5  hr.  the  nimiber  of  revolutions 
increased  slowly  from  5  to  10  per  minute,  but  the  gauge  r^stered  the 
same  pressure.  During  the  following  days  the  full  pump  pressure  was 
left  continually  on  the  well,  the  number  of  revolutions  increasing  gradu- 
ally and  the  pressure  against  which  the  pump  had  to  work  decreasing. 
After  the  fifth  day  the  pressure  registered  on  the  gauge  was  about  150 
lb.  to  the  inch  and  the  number  of  revolutions  30  per  minute,  which  was 
equivalent  to  a  volume  of  165  gal.  being  forced  into  the  gas  sand  each 
minute. 

On  the  seventh  day  the  pressure  was  50  lb.  to  the  inch  and  the  pump 
was  running  at  the  rate  of  42  rev.  per  minute.  It  was  noticed  that  the 
pressure  would  fall  considerably  for  a  short  time  and  then  rim  up  again 
to  where  it  had  been  previously,  which  can  only  be  explained  on  the  hy- 
pothesis that  the  water  opened  up  a  new  channel  in  the  formation,  thus 
relieving  the  pressure,  and  when  the  cavity  was  filled  the  pressure  went 
up  again  to  the  point  where  it  had  been  before.  From  the  seventh  day 
on  a  slow  decrease  in  the  strength  of  the  eruptions  was  noticeable,  and 
on  the  tenth  day  the  eruptions  ceased.  At  the  moment  the  eruptions 
stopped  the  salt  water  and  mud  in  the  pool  flowed  back  in  the  old  bore 
hole,  leaving  the  crater  entirely  empty. 

Although  there  was  no  gas  escaping  from  the  hole,  the  pumping  was 
continued  for  three  more  days,  to  drive  the  gas  still  further  back  in  the 
formation  and  away  from  the  well. 

The  space  between  the  S^-in.  and  the  10-in.  casings  was  filled 
with  cement  and  a  heavy  cement  block  was  put  around  the  10-in.  casing. 
Then  several  blasts  of  dynamite  were  fired  aroimd  the  circumference  of 
the  crater  about  10  ft.  apart.  The  explosion  caused  several  tons  of  shale 
and  clay  to  fall  to  the  bottom  of  the  crater.  If  the  well  should  start  to 
flow  gas  and  salt  water  again,  the  salt  water  would  mix  with  this  shale 
and  clay  and  make  a  thick  mud,  which  would  kill  the  well. 

Although  the  blowout  was  killed  successfully,  and  the  possibility 
that  the  well  will  give  trouble  again  is  very  small,  the  derrick  and  casing 
were  not  removed  from  the  "relief  well,"  as  a  further  precaution,  so  that 
work  can  be  started  at  a  moment's  notice  to  pump  water  in  the  gas 
sand  and  cut  off  the  flow  of  gas. 
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ValiLe  of  Oas  Wasled  and  Conserved 

A  low  estimate  of  the  average  production  of  the  well  during  the  five 
years  that  it  ran  wild  puts  it  at  15,000,000  cu.  ft.  per  day.  The  volume 
of  natural  gas  which  escaped  into  the  atmosphere  during  this  time  would 
be  27,000,000,000  cu.  ft.  At  2i  c.  per  1,000  cu.  ft.,  this  volume  of  gas 
represents  a  value  of  $675,000. 

In  the  town  of  Shreveport  the  selling  rate  for  manufacturing  gas  is 
7tVc.  per  1,000  cu.  ft.  If  all  the  gas  which  went  to  waste  at  the  burning 
gas  well  had  been  sold  in  the  city  of  Shreveport  for  manufacturing  pur- 
poses only,  it  would  have  brought  in  $2,079,000. 

At  the  time  the  well  was  killed  the  eruptions  were  still  very 
violent  and  during  the  last  year  no  decrease  in  their  strength  had  been 
noticeable.  No  doubt  it  would  have  been  several  years  before  the  burn- 
ing well  would  have  died  a  natural  death.  It  is  impossible  to  estimate 
the  value  of  the  gas  that  has  been  saved  by  the  energy  and  activity  of 
the  Conservation  Commission,  but  from  the  above  figures  it  can  be  seen 
that  it  must  amount  to  several  hundred  thousand  dollars. 

The  cost  of  drilling  the  "relief  well"  and  putting  out  the  burning  well 
was  approximately  $6,000,  which  is  a  very  small  amoimt  compared  with 
the  value  of  the  gas  saved. 
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Chlorides  in  Oil-Field  Waters 

BT  C.  W.  WABHB17RNE,  WABHINOTON,  D.  C. 
(New  York  Meeting.  February.  1014) 

The  waters  of  many  oil  fields  have  been  regarded  as  buried  sea  water 
which  has  been  retained  in  the  sediments  since  the  time  of  their  deposi- 
tion. The  preservation  of  connate  water  through  geological  time  has 
seemed  improbable  to  only  a  few  geologists,  but  there  is  room  for  doubt 
that  buried  sea  water  could  remain  in  the  strata  during  their  periods  of 
deformation  and  during  the  many  subsequent  epochs  of  the  circulation 
of  meteoric  ground-water.  Some  have  even  suggested  that  the  calcium 
chloride  water  in  the  deep  mines  of  the  Lake  Superior  region  is  ancient 
sea  water  buried  in  the  Algonkian  lavas,  but  it  is  hard  to  understand 
how  such  water  could  be  derived  from  the  highly  sodic  and  sulphatic 
water  of  the  sea.  It  would  seem  more  plausible  to  connect  the  calcium 
chloride  with  the  highly  calcic  magmas  of  the  greenstones  in  which  it  is 
foimd. 

Chemical  analyses  of  waters  associated  with  oil  differ  widely  from 
the  composition  of  sea  water,  requiring  extensive  alteration  of  the  latter, 
if  the  former  is  truly  its  derivative.  The  first  notable  difference  is  the 
general  absence  of  sulphates  from  oil-field  waters,  but  this  has  been 
explained  satisfactorily  through  reduction  by  hydrocarbons  and  organic 
matter.  Oil  reduces  sulphates  with  the  production  of  hydrogen  sulphide 
(or  sulphur),  water,  and  carbonates  (or  carbon  dioxide). 

The  second  striking  difference  is  in  the  high  ratio  of  chlorine  to  sodium. 
An  examination  of  the  analyses  of  chloride  waters  from  oU  fields  shows 
that  they  contain  a  large  relative  excess  of  chlorine  over  that  in  sea  water. 
Moreover,  there  is  difficulty  in  finding  chemical  reactions  that  are  probable 
in  nature,  by  which  sea  water  could  be  converted  into  anything  like  the 
chloride  waters  of  oil  fields.  In  the  latter  a  large  part  of  the  chlorine 
occurs  as  calcium  and  magnesium  chloride.  This  condition  might 
be  produced  by  the  removal  of  sodium  carbonate,  which,  however, 
cannot  be  precipitated  in  the  presence  of  much  calcium  or  magnesium. 
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Composition  of  Chloride  Waters  from  OH  Fields 


CI. 
Br. 
I.. 


8O4.. 

CO,. 

B4O7. 

Na.. 
K... 
Li... 


NH4. 

Ca.. 

Ba.. 


Sr.... 

Mg.. 

A1,0,. 

FeiOs 

Fe... 

SiO,. . 


Ratio 


a 

Na" 


Sea  Water 


Pennsylyania 


B 


Kansas 


D 


E 


55.29a 
0.19 


7.69 
0.21 


62. 31a 
0.53 
0.01 
0.03 
0.27 


30.59 
1.11 


1.20 


3.72 


100.00 
1.8 


18.35 
1.55 
0.04 
0.23 

13.86 


2.53 
0.02 


161. 80& 
0.70 

0.05 
0.00 


64.55 
5.16 


25.19 

trace 

3.55 

2.48 

0.00 


0.25 
0.02 


100.00 
3.5 


} 


49,285c 

79 

8.4 

40 

0 

150 

2,791 


30,066.  Oe 


1,425 


} 


4,216 


2,792 


2,844 


0.16 
0.00 


263.64 
2.5 


} 


56 
43 


56,721 
18.2 


6,310 


} 


48 
85 


43,517 
7.5 


a.  Percentage  of  total  salts. 
h.  Grams  per  kilogram  of  water, 
c.  Parts  per  million  (7) 

A.  Dittmar's  summary  of  the  principal  salts  in  sea  water,  from  Clarke,  Data  of 
Geochemistry,  BvUetin  No,  491,  U.  S,  Geological  Survey,  p.  113,  1911.  Placed  here  for 
comparison. 

B.  Brine  from  well  2,667  ft.  deep  at  Conneautsville,  Pa.  Salinity  about  nine  times 
that  of  sea  water.  Analysis  by  Robinson  and  Mabery,  quoted  by  Clarke,  loc.  ciL, 
p.  174. 

C.  Brine  from  depth  of  6,300  ft.  in  well  near  Imperial,  Allegheny  county,  Pa. 
Analysis  by  George  Steiger,  Journal  of  the  Washington  Academy  of  Snences,  vol.  iii, 
p.  423,  1913.  Well  record  described  by  White,  BuUeiin  of  the  Geological  Society  0/ 
Americdf  vol.  xxiv.  No.  2,  pp.  275-282,  June,  1913.  The  salinity  is  eight  times  that 
of  sea  water. 

D.  Hudson  well,  Fredonia,  Wilson  county,  Kan.  Depth  400  ft.  Analysis  by 
Bailey  and  Davies,  quoted  in  Water  Supply  Paper  No,  273,  U,  S  Geological  Survey, 
p.|[l99  (1911). 

t^     E.  Flowing  salt  weU  in  Pennsylvanian  strata  at  Lawrence,  Kan.,  depth  1,400  ft 
Analysis  by  Bartow  and  Thompson,  Kansas  Geological  Survey,  voL  vii,  p.  151  (1902). 
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The  following  American  analyses  were  gathered  by  Hofer/  the  first 
four  (A-D)  being  from  oil  wells  near  Tarentum,  Pa.  (analyses  by 
Charles  Lenny) ,  and  the  last  two  (E-F)  from  oil  and  gas  wells  in  Ohio 
(analyses  by  W.  J.  Root).  The  high  percentage  of  calcium  and  mag- 
nesium chlorides  is  noteworthy. 


0.038 
0.102 
1.953 
0.008 


0.271 
9.826 

0.592 
20.201 

0.096 

0.054 

0.024 

0.032 

Two  working  hypotheses  may  be  entertained  to  account  for  the  great 
excess  of  chlorine  over  sodium  in  the  water  of  oil  fields.  By  the  first 
h3rpothesiSy  we  may  explain  the  disappearance  of  sodium  by  the  pre- 
cipitation of  sodium  chloride  from  ancient  sea  water  after  its  burial  in 
the  sediments,  assuming  that  the  Paleozoic  ocean  contained  less  sodium 
than  the  modern  seas.  It  is  improbable  that  the  average  water  originally 
buried  in  the  sediments  of  oil  fields  could  have  been  a  concentrated 
brine  from  which  much  sodium  chloride  had  been  previously  precipitated. 
But  the  dryness  of  deep  sands  in  oil  fields,  and  the  downward  increase 
in  salinity,  suggest  that  beneath  the  zone  of  ground  water  there  is  a 
deeper  dry  zone  from  which  water  has  been  extracted,  possibly  through 
the  drying  influence  of  the  ascending  rock  gases,  which  consist  mainly  of 
nitrogen,  carbon  dioxide,  and  methane.  This  process  would  precipitate 
sodium  chloride  on  the  surfaces  of  deep  rock  pores,  leaving  a  residual 
water  relatively  rich  in  the  soluble  magnesium  and  calcium  chlorides, 


1  Das  Erddl,  vol.  ii,  PI.  I,  p.  29  (1909).    Gives  25  analyses. 
VOL.  XLVin.-— 44 
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which  would  be  driven  slowly  upward  by  the  rising  gas.  As  the  wat^ 
passed  through  bodies  of  shale  the  adsorption  of  sodium  chloride  on  clay 
particles,  mentioned  by  Johnston,^  might  further  increase  the  relative 
amount  of  magnesium  and  calcium  chloride,  but  since  potassium  salts 
are  adsorbed  on  clay  more  than  sodium  salts'  the  relatively  high  ratio 
of  potassium  to  sodium  in  oil-field  waters  indicates  that  adsorption  has 
played  a  minor  r61e  in  their  alteration. 

The  second  and  stronger  working  hypothesis  is  that  the  excess 
chlorine  has  been  added  directly  as  magnesium  and  calcium  chlorides 
in  solutions  rising  from  below.  These  substances  are  characteristically 
high  in  oil-field  waters.  Furthermore,  it  appears  that  the  waters  of 
the  Ohio  oil  fields  are  converting  limestone  into  dolomite,  indicating 
that  the  water  which  accompanied  the  oil  in  its  invasion  of  the  Trenton 
limestone  was  rich  in  magnesium,  as  it  still  remains.  Bownocker  states 
that  the  percentage  of  magnesium  in  the  limestone  increases  as  one  ap- 
proaches an  oil  pool,  reaching  a  maximum  in  the  pool  itself.  Some  have 
suggested  that  this  is  merely  a  question  of  the  relative  porosity  of  dolomite 
and  limestone,  but  the  factor  of  porosity,  although  very  important, 
does  not  explain  the  whole  question.  It  fails  especially  to  correlate 
the  phenomena  with  the  characteristically  high  percentage  of  magnesium 
in  the  waters  of  oil  fields,  and  with  the  occurrences  of  secondary  dolomite 
in  the  coastal  fields  of  Louisiana,  Texas,  and  Mexico.  The  lenses  of 
dolomite  or  of  dolomitic  limestone  which  cap  many  of  the  salt  cores  of 
the  Gulf  coast  are  clearly  secondary  deposits  which  grew  within  the 
strata.  They  were  precipitated  from  the  same  solutions  that  deposited 
the  sodium  chloride,  or  at  least  from  solutions  which  followed  the  channel 
made  by  the  plug  or  core  of  rock  salt.  The  localized  occurrence  of 
dolomite,  which  is  so  intimately  associated  with  oil  near  the  coast  of 
the  Gulf  of  Mexico,  and  in  Ohio,  Indiana,  and  Canada,  is  therefore  re- 
garded as  the  direct  or  indirect  product  of  solutions  rich  in  magnesium 
chloride.  The  bitter  brine  found  in  the  latter  fields  is  thought  to  have 
produced  the  local  dolomitization  of  the  Trenton  limestone. 

The  source  of  the  ms^nesium  and  calcium  chloride  as  well  as  of 
much  sodium  chloride  may  be  found  theoretically  in  the  emanations 
from  deep-seated  basic  rocks  rich  in  magnesium,  such  as  the  olivine- 
basalt  which  is  so  intimately  tied  with  the  occurrence  of  oil  in  Mexico, 
and  the  peridotite  in  the  dikes  of  western  Kentucky,  or  the  serpentine 
at  Syracuse,  N.  Y.,  which  are  the  only  igneous  rocks  known  near  the 
northern  oil  region.  Moreover,  it  is  rock  of  this  general  character 
which  contains  diamonds  in  South  Africa,  Arkansas,  and  other  places. 

'  Discussion  of  paper  by  J.  A.  L.  Clefc  and  J.  F.  Brezeale,  Journal  of  the  WcLsh- 
ington  Academy  of  Sciences,  vol.  iii,  p.  198  (1913). 

*  Clarke:  Data  of  Geochemistry,  BvUetin  No.  491,  U.  S.  Oeohgical  Survey,  p.  200 
(1911). 
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Stdzner,  Bonney  and  others  have  proved  that  the  diamonds  of  the 
Eimberley  district  crystallized  as  an  integral  part  of  the  magma  and 
that  the  carbon  is  of  deep-seated  origin.  In  Cuba  there  is  a  remarkable 
series  of  occurrences  of  light  oil  in  serpentine.  In  simQar  rock  Diller 
has  foimd  metallic  iron  which  probably  contains  carbides.  Magnesium- 
rich  magmas  therefore  are  the  most  probable  source  of  oil  (if  it  be 
volcanic)  and  of  the  accompanying  chloride  solutions. 

The  acceptance  of  the  idea  that  modified  volcanic  emanations  have 
entered  the  strata  of  oil  fields  simplifies  many  problems  besides  that  of 
the  relative  excess  of  chlorine.  For  instance,  it  furnishes  an  adequate 
cause  for  the  localization  of  the  great  salt-cores  of  the  Texas,  Louisiana, 
and  Chiapas.  Harris^  finds  that  the  salt  domes  of  Texas  and  Louisiana 
have  a  linear  arrangement  suggestive  of  long  intersecting  fissures. 
He  finds  that  the  amount  of  uplift  of  the  strata  is  entirely  inadequate 
to  account  for  the  amount  of  space  occupied  by  the  salt  plugs,  some  of 
which  have  been  penetrated  by  the  drill  nearly  3,000  ft.,  without  reaching 
bottom.  He  concludes,  therefore,  that  the  salt  cores  are  not  laccolithic 
or  plug-like  intrusions  into  the  sediments,  squeezed  up  from  a  great 
hypothetical  salt  bed  in  some  lower  formation,  but  rather  that  they 
have  grown  by  crystallization  at  the  places  where  they  now  occur  and 
have  not  undergone  much  deformation.  In  other  words,  they  are  great 
cylindrical  concretions  of  salt  1,000  ft.  or  more  across  and  over  3,000 
ft.  high.  He  believes  that  the  salt  and  the  associated  hydrocarbons 
were  gathered  by  meteoric  waters  which  percolated  through  the  sedi- 
mentary strata  and  rose  along  the  intersections  of  fissures,  where  the 
salt  was  precipitated  because  of  the  decrease  in  temperature  and  pres- 
sure. The  decrease  in  pressure  would  cause  but  a  negligible  precipita- 
tion, practically  nothing.  Temperature  is  somewhat  more  effective, 
but  Lindgren^  says:  "As  the  solubility  of  salt  increases  only  slightly 
with  increase  of  temperature  (35.69  per  cent,  at  10°  C;  39.12  per  cent, 
at  100°;  44.90  per  cent,  at  180°),  only  the  increment  could  have  been 
precipitated  as  the  temperature  of  the  ascending  current  was  lowered, 
and  hence  the  quantity  of  primary  salt  required  by  this  hypothesis  is 
incredibly  large."  Let  us  assume  that  the  solutions  cooled  as  fast  as 
the  normal  underground  heat  gradient,  or  about  21°  C.  in  ascending 
2,000  ft.    This  would  precipitate  about  2  per  cent,  of  the  total  salt  in  a 


«  BvUelin  No.  429,  U.  S,  Qeological  Survey  (1910).  The  alignment  of  the  salt  domes 
was  first  observed  by  Captain  A.  F.  Lucas:  Rock-Salt  in  Louisiana,  Trans.,  xxix,  463, 
Fig.  1  (1899).  Captain  Lucas  was  also  the  first  to  observe  the  geological  relations  of 
the  salt  cores  with  reference  to  the  occurrence  of  oil,  which  he  proved  by  drilling  the 
famous  ''Lucas  gusher"  at  Spindletop.  Cf.  Robert  T.  Hill:  Journal  of  the  Franklin 
Institute,  vol.  cliv,  pp.  143,  225,  263  (Aug.-Oct.,  1902).  A.  F.  Lucas:  Science,  vol. 
xzzv,  pp.  961-4  (June  21, 1912).    Economic  Oeology,  voL  vi,  No.  4,  p.  380  (June,  1911). 

*  Mineral  Deposits,  p.  288  (1913). 
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solution  saturated  at  100°.  In  other  words,  the  salt  cores  would  rep- 
resent only  about '2  per  cent,  of  the  total  amount  of  sodium  chloride 
which  had  risen  in  the  fissures,  the  rest  having  been  carried  beyond  the 
top  of  the  cores  and  lost.  The  salt  cores  in  this  country  and  Mexico 
number  several  hundred  and  their  total  volume  is  many  cubic  miles. 
The  theory  of  Harris,  if  not  modified,  requires  a  supply  of  roughly  50 
times  as  many  cubic  miles  of  salt. 

Yet  the  "concretionary"  theory  of  Harris  has  much  in  its  favor, 
since  it  meets  the  mechanical  requirements  of  the  problem  better  than 
any  other.  The  chemical  difficulty  can  be  met  if  the  salt  domes  have 
been  the  loci  of  the  escape  of  solutions  carrying  a  common  ion,  either 
of  sodium  or  of  chlorine.  Analyses  of  some  volcanic  waters  show  an 
abundance  of  sodium  chloride,  and  others  of  sodium  sulphate  or  car- 
bonate, but  these  do  not  meet  the  requirements  of  the  present  problem. 
From  the  character  of  the  water  and  from  the  presence  of  secondary 
lenses  of  dolomite  one  may  infer  that  the  precipitation  was  produced 
by  the  intermingling  of  concentrated  salt  solutions  with  brines  rich  in 
magnesium  and  calcium  chloride.  The  former  were  probably  derived 
mainly  from  the  sedimentary  strata  as  suggested  by  Harris,  but  the 
latter  probably  rose  from  underljring  plugs  of  olivine  basalt  which  failed 
to  reach  the  surface. 

Plugs  and  dikes  of  this  type  of  rock  are  common  in  the  coastal  plain 
of  Mexico,  where  they  have  about  the  same  relation  to  the  occurrence 
of  oil  as  do  the  salt  cores  in  Texas  to  the  north  or  in  Chiapas  to  the 
south  of  them.  The  chlorine  probably  escaped  from  the  magma  as 
free  chlorine,  as  hydrochloric  acid,  and  as  chlorides  of  ammonium, 
calcium,  magnesium,  and  sodium.  If  the  igneous  plugs  are  not  too 
deeply  buried  beneath  the  plains  it  is  probable  that  large  quantities 
of  hydrochloric  acid  passed  up  through  the  overlying  fractures  made 
by  the  intrusion  of  the  plug.  This  is  the  most  effective  precipitant  of 
common  salt,  and  in  the  case  of  the  fields  about  the  Gulf  of  Mexico, 
the  evidence  of  volcanic  action  is  so  strong  as  to  suggest  that  hydro- 
chloric acid  may  have  played  an  important  r61e  in  the  precipitation  of 
the  salt  above  the  volcanic  plugs.  Also  magnesium  and  calcium  chlo- 
rides would  be  quite  efifective  to  precipitate  rock  salt,  and  if  the  ascending 
igneous  emanations  passed  through  many  strata  before  reaching  the 
horizon  of  the  salt  cores  it  is  certain  that  the  hydrochloric  acid  would  be 
all  converted  into  chlorides,  largely  into  the  chlorides  of  calcium  and 
magnesium.  For  our  present  argument  it  is  immaterial  whether  the 
chlorine  ions  were  attached  mainly  to  hydrogen,  to  calcium,  or  to  mag- 
nesium. According  to  Nernst's  law,  any  of  these  probable  chlorides 
would  precipitate  sodium  chloride  from  a  concentrated  solution.  In 
this  way  masses  of  salt  derived  from  the  sediments  would  be  formed 
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where  the  sedimentary  solutions  mixed  with  the  rising  solutions  of 
volcanic  chlorides,  i.e.,  directly  above  the  deeply  buried  plugs. 

Thus  the  volcanic  hypothesis  offers  a  simple  explanation  of  the  salt 
and  dolomite  problem  of  oil  fields,  and  the  relative  excess  of  chlorine 
in  the  associated  water  may  be  regarded  as  a  possible  indication  of  the 
entrance  of  volcanic  emanations,  which  in  most  cases  have  been  greatly 
modified  by  their  long  ascent  through  the  rocks. 

Discussion 

A.  F.  Lucas,  Washington,  D.  C. — I  have  long  held  the  opinion 
that  igneous  rock  may  underlie  the  salt  domes  of  Louisiana,  Texas, 
and  elsewhere,  resembling  laccoliths,  batholiths,  or  sills,  and  an  un- 
sucqessful  attempt  to  prove  this  was  made  at  my  instance  by  the  drill- 
ing of  the  Knapp  well  at  Belle  Isle,  La.,  which  passed  through  over 
3,000  ft.  of  rock  salt  (the  first  time  to  my  knowledge  that  a  salt  dome 
has  been  pierced),  then  entered  into  sedimentary,  striking  first  an 
oil  sand  giving  about  one  barrel  of  red  paraffine  oil,  then  limestone, 
calcite,  or  dolomite  (not  positively  ascertained),  imtil  a  total  depth 
was  reached  of  about  3,300  ft.,  when  the  well  was  lost  by  the  collapse  of 
the  casing. 

At  the  extreme  bottom  the  drill  was  working  on  very  hard  formation, 
which  it  could  not  penetrate,  although  repeated  attempts  were  made, 
nor  was  it  possible  to  secure  samples  of  this  rock,  which,  from  its  ex- 
treme hardness,  I  surmised  to  be  possibly  some  igneous  rock,  or  perhaps 
iron  pyrite. 

Eugene  Coste,  Toronto,  Canada. — I  agree  entirely  with  Mr.  Wash- 
burne's  view  that  the  strong  salinity  of  these  waters  in  the  oil  fields  is  due 
to  solfataric  volcanic  emanations;  the  composition  of  these  waters,  not 
only  the  large  excess  of  chlorine  in  them  but  the  excess  of  magnesium  and 
calcium,  differentiates  them  entirely  from  sea  waters  and  they  can  only 
be  compared  with  magmatic  waters.  In  the  Texas  and  Louisiana  oil 
fields  we  certainly  have  the  clearest  examples  of  solfataric  action  which 
we  have  in  the  oil  fields  of  the  United  States — I  mean  in  the  salt  domes  of 
Louisiana  and  Texas,  where  secondary  products,  not  only  of  salt  in  large 
bodies,  but  enormous  bodies  of  dolomite,  gypsum,  and  sulphur,"have  been 
deposited  iq  vertical  chimneys  by  solfataric  hot  waters  accompanied  with 
hydrocarbons  and  sulphuretted  hydrogen;  the  salts  being  impregnated 
with  natural  gas,  sulphuretted  hydrogen,  and  oil,  and  the  salt  waters  and 
the  oils  being  quite  hot  yet  in  some  cases. 

A.  C.  Lane,  Tufts  College,  Mass. — Mr.  Washburne's  paper  brings 
forward  some  interesting  points;  and  his  main  thesis,  that  these  are  de- 
rived from  within  (juvenile),  is  one  well  worthy  of  careful  consideration. 
Does  he  not,  however,  assume  that  the  early  sea  water  had  a  character 
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too  much  like  that  at  present?  Judging  from  the  average  water  now  re- 
ceived by  the  ocean,  either  according  to  Murray  or  Clarke,  there  mttsi 
have  been  a  gradual  change  in  its  composition,  as  Hunt,  Goessman  and  I 
have  pointed  out,  not  only  in  increasing  salinity  but  in  the  relative  pro- 
portions of  the  different  salts. 

It  would  be  interesting  for  him  to  extend  his  collections  of  analyses  to 
a  wider  range  of  geological  horizons.  Those  cited  are  Paleozoic.  In  a 
paper  on  the  chemical  evolution  of  the  ocean,  yet  unpublished,  I  have 
shown  reason  to  believe  that  while  underground  circulation  tends  to  run 
up  the  ratio  of  Na :  CI,  the  character  of  truly  stagnant  water  varies  with 
its  geological  age. 

The  trouble  with  following  his  suggestions  aild  connecting  the  calcium 
chloride  waters  of  the  Lake  Superior  mines  with  the  highly  calcic  magmas 
of  the  greenstones  associated  is  that  the  calcium  chloride  waters  occur 
just  the  same  in  the  felsitic  conglomerates  interbedded  and  also  in  fai^ 
removed  sandstones,  e.g.,  near  Whitefish  lake  and  Ontonagon,  in  the 
Michigan  iron  mines,  and  in  the  Storm  King  granite.  If  we  are  to  look 
to  an  earth  sweat  for  these  universal  waters,  then  I  think  it  would  be 
better  to  assume  the  chloride  merely  to  be  slowly  diffused  from  the  in- 
terior, picking  up  its  bases  en  route.  But  a  serious  difficulty  there  is  that 
we  have,  for  instance,  under  the  oil-field  waters  referred  to  by  Washbume, 
the  St.  Peter  sandstone,  with  a  water  which  is  much  fresher,  apparently 
cutting  off  any  prospect  of  a  juvenile  source,  which  otherwise  I  should  be 
delighted  to  accept. 

The  objection  to  Washbume's  theory  is  the  fact,  if  it  be  a  fact,  that 
different  geological  horizons  have  different  chemical  characters,  and  that 
if  not  too  much  disturbed  by  circulation  they  can  be  recognized  thereby. 
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The  Maritime  Features  of  the  "Crude  Petroleum''  Problem 

BT  BBAB  ADMIRAL  JOHN  B.  BDWARDS,  U.  8.  NAVT,  WABHINQTON|  D.  C. 

(New  York  Maetins,  February,  1014 

Introdiictory. — There  are  many  interesting  and  important  events  con- 
nected with  the  petroleum  problem.  The  remarkable  men  who  conceived 
the  thought  of  transporting  petroleum  by  pipe  line,  conserving  the  by- 
products of  the  commodity,  and  conducting  extended  investigation  and 
research  whereby  the  flash  point  of  the  oil  was  raised,  its  cost  reduced  and 
its  supply  assured,  are  deserving  of  the  gratitude  of  this  nation. 

It  was  primarily  the  success  attained  by  Captain  Lucas,  after  his  com- 
prehensive search  for  oil  in  Texas  and  Louisiana,  that  was  the  impelling 
cause  which  prompted  the  Navy  Department  to  conduct  the  extensive 
series  of  liquid  fuel-oil  tests  that  were  made  from  1901  to  1903.  The 
sensational  discovery  of  oil  at  Spindle  top  made  a  deep  impression  upon 
Rear  Admiral  George  W.  Melville,  then  Engineer-in-Chief  of  the  Navy, 
and  the  discovery  of  the  vast  oil  field  in  Texas  convinced  him  that,  within 
a  generation,  if  not  within  a  decade,  crude  petroleum  was  going  to  play 
a  very  important  part  in  warfare,  and  that  the  commodity  might  possibly 
develop  into  a  necessary  munition  of  war. 

TAe  United  States^  Commanding  Position  as  a  Petroleum  Producer. — 
In  the  study  of  the  various  problems  relating  to  the  world's  production 
of  crude  petroleum,  the  position  of  the  United  States  is  one  of  commanding 
importance,  whether  viewed  from  the  industrial  or  the  miUtary  aspect. 

The  present  yield  of  this  country  is  practically  double  that  of  the  rest 
of  the  world,  and,  in  view  of  the  productive  and  prospective  fields 
possessed  by  various  countries,  together  with  the  comprehensive  and  ex- 
haustive search  that  has  been  made  throughout  the  world  for  petroleum, 
it  is  extremely  probable  that  this  lead  will  be  maintained  for  the  next 
decade. 

As  regards  the  character  of  the  crude-oil  yield  of  different  countries, 
America  possesses  the  greater  part  of  the  supply  that  contains  a  paraffine 
base,  and  therefore  a  considerable  portion  at  least  of  the  American  product 
produces  the  best  illuminant.  Of  all  the  crude-oil  distillates,  kerosene  is  in 
many  respects  the  most  important^  and  the  Appalachian  product  for 
this  purpose  is  favored,  particularly  in  the  Far  East,  above  that  of  any 
other  petroleum  yield  of  the  world. 
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We  are  undoubtedly  in  advance  of  any  other  nation  in  tte  extent  and 
character  of  our  prospecting  and  drilling  facilities,  and  this  is  attested  by 
the  fact  that  American  experts  are  found  in  nearly  all  the  other  oil  districts 
of  the  world,  directing  the  activities  of  production. 

In  methods  of  refining  our  position  is  on  a  parity  with  others,  if  not  a 
commanding  one.  We  have  been  able  to  obtain  from  the  crude  product 
various  distillates  of  as  high  character,  and  at  as  low  a  cost,  as  can  be 
produced  by  the  foreign  refineries.  New  and  important  uses  are  being 
found  for  the  by-products  of  crude  oil,  and  our  discoveries  in  this  direction 
may  undoubtedly  be  regarded  as  important  as,  if  not  superior  to,  those  of 
our  rivals. 

In  methods  of  land  transportation  our  lead  is  undisputed.  This 
should  not  be  surprising,  considering  the  extended  and  diversified  ex- 
perience that  we  have  had  in  the  construction  of  pipe  lines,  pumping 
stations,  and  containing  tanks,  as  compared  with  the  relatively  limited 
experience  of  the  rest  of  the  world. 

The  United  Staiea'  Weakness  as  Regards  Ocean  Transportation. — ^There 
is  one  important  feature  of  the  fuel-oil  problem,  however,  wherein  we  are 
lamentably  weak,  and  that  is  the  maritime  distribution  of  the  product 
from  the  terminals  of  the  pipe  lines  to  various  important  seaports  of  our 
own  country,- as  weU  as  to  ports  abroad. 

The  modern  sea-going  tankers  that  we  possess  are  few  in  number  as 
compared  with  those  that  fly  the  ensign  of  Great. Britain.  Our  failure 
to  convey  or  distribute  crude  oil  in  as  efficient  a  manner  as  we  produce, 
refine,  and  transport  the  product,  constitutes  a  serious  industrial  reproach 
to  our  commercial  abilities.  When  viewed  from  a  military  srtandpoint, 
our  lamentable  dearth  of  ocean  tankers  and  sea-going  barges  constitutes 
a  great  military  weakness. 

Our  Lack  of  SeorGoing  Oil  Craft  Entails  Heavy  Direct  and  Indirect 
Loss  to  American  Industrial  AdivUies, — It  appears  incongruous  that  a 
British  corporation  should  find  it  a  profitable  venture  to  spend  millions 
of  dollars  in  prospecting  for  oil  in  Mexico,  Ecuador,  Colombia,  and  other 
Central  and  South  American  republics,  when  our  own  capitalists  ought 
logically  to  undertake  the  practically  exclusive  development  of  those 

fields. 

» 

The  British  corporations  engaged  in  petroleum  development  cannot 
possibly  have  the  intimate  professional  knowledge  and  extended  practical 
experience  that  is  possessed  by  our  own  experts.  Our  banking  interests 
are  likewise  undoubtedly  as  ready  to  advance  capital  in  the  exploitation 
of  legitimate  fuel-oil  enterprises  as  the  financial  interests  of  England. 
It  appears  evident  that  it  is  only  because  the  American  maritime  feature 
of  the  fuel-oil  problem  is  so  unsatfifactory  that  it  has  been  possible  for 
the  Pearson  Corporation  in  Mexico  to  compete  against  the  American 
interests  in  that  country. 
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As  illustrative  of  the  deplorable  condition  of  affairs  as  regards  the 
maritime  feature  of  the  crude-petroleum  problem,  it  is  pertinent  to  call 
attention  to  the  fact  that,  when  the  Liquid  Fuel  Board  of  the  Navy  was 
conducting  its  extended  series  of  fuel-oil  tests  from  1901  to  1903,  an  in- 
vestigation that  extended  over  a  period  of  30  months,  and  an  investi- 
^gation  wherein  there  were  expended  at  least  a  quarter  of  a  million 
dollars,  there  were  several  periods  when  the  President  of  the  Board  was 
informed  that,  for  two  or  three  days  at  least,  there  was  not  one  single 
American  tanker  carrying  fuel  oil  between  the  Texas  terminal  ports  and 
the  leading  seaports  on  the  north  Atlantic  coast.  Careful  investigation 
was  made  to  determine  if  such  a  condition  of  affairs  actually  existed, 
and,  from  the  best  information  obtainable,  there  was  one  period,  if  not 
two,  when  it  happened  that  every  American  sea-going  tanker  was  either 
temporarily  disabled,  detained  in  port,  or  had  met  with  some  delay  so 
that  no  oil  vessel  was  steaming  between  the  Gulf  and  north  Atlantic 
ports. 

It  is  possible  that,  at  these  two  particular  periods,  one  or  two  such 
tankers  may  have  been  proceeding  with  empty  compartments  to  the 
Gulf  for  a  cargo  of  oil.  It  may  be  stated  as  a  fact,  however,  that  in 
1901  or  1902  a  situation  arose  whereby,  for  at  least  a  few  days,  not  one 
gallon  of  crude  oil  was  being  transported  by  water  from  Texas  to  northern 
ports.  There  were,  of  course,  during  this  special  period,  considerable 
quantities  of  oil  being  transported  in  barges  from  the  terminal  pipe  lines 
and  refineries  at  Baltimore,  Point  Breeze,  Marcus  Hook,  and  Bayonne 
to  other  points  on  the  Atlantic. 

As  bearing  upon  the  question  of  the  world's  dearth  of  oil  tankers, 
it  may  be  well  to  call  attention  to  the  fact  that,  about  18  months  ago,  the 
Paymaster-General  of  the  Navy  made  an  effort  to  find  out  the  number 
and  character  of  the  tankers  that  could  be  chartered  at  short  notice  by 
the  government.  It  was  found  at  that  time  that  it  would  not  be  possible 
to  secure  at  short  notice  one  single  American  tanker  on  the  Atlantic 
coast;  every  tanker  flying  the  American  flag  being  required  to  convey 
the  oil  that  was  used  for  industrial  and  other  purposes  by  regular 
consumers. 

A  still  greater  surprise  was  experienced  when  it  was  found  that  but 
one  British  tanker  could  be  procured  at  that  period,  and  that  this  vessel 
could  only  be  chartered  by  the  Navy  Department  by  the  payment  of  a 
rental  of  $575  per  day,  which  rental  did  not  include  fuel  and  port  charges. 
This  rental  had  to  be  paid  from  the  date  the  British  tanker  was  chartered 
in  London,  and  was  to  continue  until  the  return  of  the  vessel  to  the  same 
port. 

It  seems  surprising,  if  not  astounding,  in  view  of  the  fact  that  we  not 
only  surpass  the  world  as  regards  the  yield  of  the  crude-oil  product, 
but  that  likewise  we  possess  advanced  methods  of  boring,  improved 
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processes  of  distilling,  and  incomparable  methods  of  land  transportation, 
that  the  maritime  feature  of  the  oil  industry  should  have  been  neglected 
by  this  nation. 

Profits  of  ike  Oil  Industry  have  been  in  the  Refining  and  Transportation 
of  the  Proditct. — In  the  study  of  the  extensive  and  far-reaching  report 
of  the  Commissioner  of  Corporations,  as  contained  in  the  government's 
brief  against  the  Standard  Oil  Co.,  it  is  observed  that  the  principal 
profits  of  that  corporation  have  been  in  the  refining  and  the  transporta- 
tion of  the  oil,  and  not  in  prospecting  and  drilling  for  the  product.  The 
distribution  agencies,  however,  have  been  inadequate,  except  so  far  as 
they  concerned  districts  fairly  contiguous  to  pipe  lines,  refineries,  and 
deep-water  terminal  points.  At  such  particular  points,  which  must 
necessarily  be  limited  in  number  as  compared  with  the  rest  of  the  country, 
the  distributing  faciUties  have  been  efficient,  considering  the  expense, 
difficulty,  and  hindrances  encountered  in  distributing  all  inflammable 
hydrocarbon  products.  There  is  no  doubt,  however,  that  every  interest 
concerned  either  in  prospecting,  boring,  refining,  or  distributing  crude 
oil  has  been  very  materially  injured  by  our  failure  to  control  the  dis- 
tribution by  sea. 

The  Importance  of  Petroleum  as  a  Factor  in  Extending  Our  Foreign 
Market. — Fuel  oil  has  played  a  very  important  part  in  extending  our 
trade  with  China.  The  writer,  in  the  course  of  his  duties  as  a  naval 
officer,  spent  about  6  years  in  Asiatic  waters,  and  interviewed  various 
American  and  British  Consuls,  as  weU  as  the  leading  merchants  of  the 
China  coast,  in  reference  to  the  far-reaching  influence  of  the  petroleum 
industry.  The  study  of  our  trade  development  with  China  must  cause 
one  to  be  impiessed  with  the  fact  that  the  three  distinguishing  agencies 
which  have  done  most  to  cause  the  Land  of  Sinim  to  abandon  many  of  its 
traditions  and  much  of  its  medievalism  have  been  the  missionaries, 
modem  surgery,  and  the  work  of  the  Standard  Oil  Co.  In  distributing 
throughout  that  country  an  illuminant  that  has  been  a  direct  boon  to  the 
people,  the  Standard  Oil  Co.  has  exerted  an  indirect  influence  that  has 
been  of  far-reaching  consequence  in  extending  our  trade  relations  with 
that  Empire. 

Light  is  a  great  civilizer,  and  the  remarkably  convenient,  economical, 
and  safe  manner  in  which  the  Standard  Oil  product  was  distributed,  even 
to  the  wilds  of  Hunan,  was  the  forerunner  of  the  entry  in  large  quantities 
of  other  American  products. 

In  the  distribution  of  refined  petroleum  in  cases  rather  than  in  bulk, 
our  country  attained  for  some  time  considerable  success  in  the  employ- 
ment of  sailing  vessels.  We  lost,  however,  a  great  opportunity  in  not 
effecting  legislation  that  would  have  retained  to  us  this  trade  by  regulating 
the  export  of  the  product,  and  that  would  have  given  to  this  nation  a 
paramount  control  of  the  distribution  of  petroleum* 
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The  writer  was  on  the  China  coast  about  the  period  when  the  Russian 
oil  interests,  supported  by  the  Rothschilds  and  other  great  banking 
interests  of  Europe,  attempted  to  wrest  the  control  of  the  petroleum 
industry  from  America.  Modem  steel  oil  tankers  were  built  for  the 
Rothschilds  for  this  purpose,  and  large  containing  tanks  were  erected 
on  shore  at  various  pomts  on  the  China  coast.  It  was  found,  however, 
that  the  American  product  was  so  superior  in  quality  as  an  illuminant, 
and  it  was  so  well  contained  and  boxed,  that  it  was  practically  impossible 
to  supersede  its  use  by  the  substitution  of  the  Russian  product. 

It  was  not  by  a  haphazard  guess  or  by  accident  that  the  existing 
5-gal.  rectangular  petroleum  case  was  constructed.  The  form  of  the 
containing  case,  the  material  from  which  it  is  manufactured,  the  char- 
acter of  the  soldering  and  the  method  of  boxing  and  shipping  constituted 
a  development  that  repreecDted  heavy  expenditure,  extended  experimen* 
tation,  and  practical  knowledge  upon  the  part  of  the  Standard  Oil 
experts. 

In  distributing  this  product,  therefore,  even  unto  the  uttermost 
portions  of  the  ChiQese  Empire,  the  Standard  Oil  Co.  rendered  a  service 
of  incalculable  benefit,  both  to  China  and  to  America.  If  it  had  not  been 
for  the  energy,  efficiency,  and  tact  displayed  in  developing  our  petroleum 
export  trade,  many  looms  in  New  England  and  many  furnaces  in  the 
Appalachians  that  are  now  finding  it  a  profitable  venture  to  export  their 
output  to  the  Celestial  Empire  would  be  idle  to-day. 

It  is  believed  that  the  American  export  trade  of  the  future  to  Central 
and  South  America,  Australia,  and  particularly  to  China,  is  greatly 
dependent  upon  the  distribution  or  maritime  feature  of  the  fuel-oil 
problem.  This  phase  of  the  oil  problem  is  therefore  a  matter  that  is 
specially  worthy  of  the  consideration  of  the  American  Institute  of  Mining 
Engineers,  for  it  is  the  mining  engineer  who  is  most  intimately  interested 
in  the  primary  feature  of  the  oil  industry — and  that  is  the  prospecting 
phase. 

There  is  something  lamentable  in  the  thought  that,  despite  the  fact 
that  this  country  has  a  commanding  lead  in  all  but  one  of  the  various 
phases  of  the  petroleum  problem,  America  should  fall  down  at  the  last 
stage,  and  that  we  should  see  our  British  cousins,  through  their  superiority 
as  regards  the  maritime  feature,  wresting  from  us  a  maritime  activity  of 
great  value — an  activity  that  logically  should  be  possessed  by  America. 

The  Military  Importance  of  the  Maritime  Phase. — It  is  not  opportune 
at  this  time  to  speak  of  the  military  features  of  the  distribution  problem, 
since  there  are  phases  of  the  matter  that  intimately  concern  national 
defense.  The  fact  is  well  known,  however,  to  British  naval  experts,  and 
mention  has  been  made  of  the  subject  in  the  English  press,  that  our  navy 
is  lamentably  lacking  in  the  oil  tankers  that  will  be  required  to  supply 
American  battleships  and  other  naval  vessels  that  have  been  designed 
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to  burn  oil  exclusively.  The  various  publications  of  the  Congress  that 
are  distributed  both  at  home  and  abroad,  tell  of  the  number  and  character 
of  American  naval  vessels  that  have  been  designed  for  an  exclusively  oil- 
fuel  installation,  and  therefore  our  weakness  as  regards  the  number  and 
character  of  the  merchant  and  naval  oil  tankers  that  we  possess  must  be 
well  known  to  foreign  military  experts.  The  various  publications  issued 
by  the  government  even  tell,  in  detail,  of  the  tonnage,  cargo  capacity, 
and  other  important  structural  features  of  these  ships. 

Our  Inadequle  Oil  Reserve  at  all  Our  Industrial  Centers  in  Considerable 
Part  due  to  Our  Maritime  Weakness, — The  maritime  feature  is  an  im- 
portant one,  from  whatever  standpoint  the  question  is  considered.  There 
are  hundreds  of  industries  in  this  country  which  would  substitute  petroleum 
for  coal  if  an  assured  supply  of  the  former  combustible  could  be  maintained. 
There  are  hundreds  of  industries  that  have  experimented  with  petroleum 
with  the  intention  of  using  it  exclusively  as  a  fuel,  that  have  been  com- 
pelled to  return  to  coal,  due  to  the  impossibility  of  obtaining  an  assured 
supply  of  oil. 

The  cost  and  risk  of  transporting  oil  by  cars  constitute  an  insuperable 
bar  to  the  distribution  of  the  product  in  sufficient  quantities  to  insure  an 
adequate  supply  for  large  industries.  Crude  oil  will,  however,  always  be 
used  for  purposes  wherein  a  substitute  cannot  be  found,  independent  of 
the  question  of  cost.  It  is,  in  fact,  our  dearth  of  water-transportation 
facilities  that  prevents  the  distribution  of  the  product,  and  therefore 
limits  the  use  of  petroleum.  There  is  no  doubt  that  there  are  many 
important  industries  which,  with  the  use  of  oil,  would  produce  special 
articles  that  would  find  a  ready  and  profitable  sale. in  foreign  countries, 
if  they  could  be  guaranteed  that  they  would  be  able  to  get  aU  the  oil  they 
required.  It  is  well  known  that  petroleum  is  an  incomparable  fuel  for 
many  industrial  purposes,  but  no  manufacturer  dares  to  use  the  product 
except  to  a  limited  degree,  unless  his  plant  is  so  located  that  he  can  be 
assured  of  an  adequate  supply  at  other  than  a  prohibitive  cost. 

Should  not  an  Export  Duty  be  Placed  upon  Petroleum  Products  when 
Carried  in  Foreign  Bottoms? — When  it  is  considered  that  the  United 
States  furnishes  about  two-thirds  of  the  world's  yield  of  crude  oil,  and  that 
it  is  somewhat  probable  that,  at  least  in  this  country,  the  maximum  of 
annual  production  has  nearly  been  reached,  unless  there  are  vast  undis- 
covered pools  of  oil  at  lower  depths  than  we  are  now  able  to  drill,  it  ought 
to  be  possible  for  this  nation  to  so  regulate  the  export  of  the  product  as  to 
conserve  the  industry  in  a  manner  that  will  best  help  ourselves,  if  not 
mankind.  There  are  undoubtedly  in  the  United  States  a  suflSicient  number 
of  steamship  companies,  railroads,  and  individual  firms  that  would  use 
all  the  oil  produced  in  this  country,  if  such  plants  could  be  assured  of  an 
adequate  and  reliable  supply,  and  therefore  the  foreign  export  of  oil  may 
not  be  necessary  in  the  disposal  of  the  apparently  large  quantities  produced. 
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la  many  industries  the  cost  of  the  product  is  not  a  serious  matter  as 
compared  with  the  particularly  beneficial  and  industrial  results  that  could 
be  expected  to  accrue.  It  is  all-important,  however,  in  every  enterprise, 
that,  once  an  industry  adopts  a  special  form  of  fuel,  such  plants  should  be 
assured  that  an  adequate  supply  of  that  fuel  could  be  promptly  obtained 

Many  of  the  distillates  of  crude  oil  should  even  be  regarded  as  muni- 
tions of  war,  and  legislation  should  be  enacted  that  would  make  it  possible 
for  us  to  prevent  the  export  of  oil  at  such  times  as  we  deemed  advisable. 
Except  for  a  brief  period,  it  is  extremely  probable  that,  if  we  placed  an  ex- 
port duty  on  petroleum,  no  permanent  financial  injury  would  accrue  to 
any  one  interested  in  the  drilling,  refining,  transportation,  and  distribution 
of  the  product.  The  writer  has  been  told  repeatedly,  during  the  past  10 
years,  by  various  manufacturers  and  individuals,  that  it  was  solely  the 
lack  of  assurance  than  an  adequate  supply  of  crude  oil  would  be  available 
that  prevented  them  from  using  the  product. 

Probably  no  better  way  of  helping  to  give  the  American  merchant 
marine  a  reasonable  share  of  the  foreign  oil-carrying  trade  could  be  devised 
than  by  placing  an  export  duty  on  every  barrel  of  oil  exported  from  the 
United  States  in  ships  carrying  a  foreign  flag.  We  are  one  nation  that  is 
unreservedly  adopting  the  policy  of  fitting  our  battleships  with  an  ex- 
clusively oil-fuel  installation,  and  this  installation  is  of  such  a  character 
that,  except  at  enormous  expense,  the  structural  change  to  coal-burning 
arrangements  cannot  be  brought  about.  One  of  the  most  effective  ways, 
therefore,  of  providing  a  supply  at  various  points  for  naval  purposes  is 
to  conserve  the  petroleum  industry,  by  taxing  the  export  of  the  product 
and  by  exercising  the  prerogative  that  logically  belongs  to  us  in  control- 
ling, to  a  Umited  degree,  the  sale  of  the  commodity. 

International  comity  and  the  law  of  nations  sanction  the  policy  of  a 
nation  placing  an  export  duty  on  a  commodity  that  it  substantially  con- 
trols. We  are  therefore  justified  in  taking  some  radical  means  to  control 
the  maritime  phase  of  the  matter. 

In  the  consideration  of  the  problem  of  imposing  an  export  duty  upon 
petroleum,  there  are  several  phases  of  the  question  that  merit  thoughtful 
consideration  and  investigation.  If  serious  thought  is  ever  to  be  enter- 
tained of  the  proposition  of  imposing  an  export  duty  upon  crude  oil,  the 
question  may  well  be  asked:  "How  will  it  affect  our  trade  relations  with 
China?  Is  the  American  illuminant  of  such  superior  quality  that  the 
Chinese  would  pay  the  additional  cost  that  would  be  the  result  of  such 
action?  Have  the  foreign  competitors  of  the  Standard  Oil  Co.  effected 
such  improvements  as  regards  refining  the  product  that  they  can  now 
furnish  as  good  an  illuminant  as  that  which  can  be  obtained  from  the 
paraffine-base  product  of  the  Appalachian  region?  Are  our  foreign 
competitors  already  making  serious  inroads  into  the  sale  of  the  American 
product  in  various  countries?    Would  the  loss  of  the  petroleum  trade  of 
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the  foreign  countries,  and  particularly  the  petroleum  trade  of  China,  be 
followed  by  a  marked  reduction  of  other  American  imports  into  those 
countries?"  The  question  of  an  export  duty  is  therefore  one  which  admits 
of  a  wide  divergence  of  opinion. 

Conservation  of  Our  CHI  Resources. — ^The  conservation  of  our  oil 
industry  can  only  be  brought  about  by  some  national  organization  like 
the  American  Institute  of  Mining  Engineers  taking  advanced  ground  upon 
the  subject,  and  urging  that  early  and  thoughtful  action  be  taken  in  the 
matter.  Various  individual  officials  of  the  government,  as  well  as  indi- 
vidual experts,  have  urged  such  a  course,  but  such  individuals  do  not,  in 
many  respects,  possess  the  machinery  for  being  the  proper  central  agency 
in  bringing  about  such  important  action.  The  influence  of  the  American 
Institute  of  Mining  Engineers  extends  throughout  the  country,  and,  if 
it  should  recommend  some  thoughtful  Une  of  policy  in  the  matter,  there 
is  no  doubt  that  various  commercial  exchanges  and  maritime  associations 
of  the  country  would  supplement  the  work  of  this  Institute. 

There  is  no  doubt  that  the  high  purpose  and  urgent  necessity  of  con- 
serving the  petroleum  industry  can  be  brought  about  in  various  ways, 
but  the  more  study  one  gives  to  the  matter  the  more  impressed  he  becomes 
with  the  fact  that,  in  the  control  of  the  maritime  phase  and  in  placing  an 
export  duty  on  oil  shipped  in  foreign  bottoms,  it  ought  to  be  possible  to  do 
much,  not  only  in  conserving  the  industry,  but  in  helping  to  bring  about 
the  restoration  of  the  American  Merchant  Marine. 

Efficienq/  of  Our  Oil  Tarik-Car  Facilities  as  an  Agency  in  the  Distribu- 
tion of  Petroleum  Products, — By  reason  of  the  wide  extent  of  our  country, 
the  diversified  character  of  its  industries,  and  the  limited  number  of 
existing  oil  pipe  lines,  the  greater  portion  of  the  distribution  of  the  crude- 
oil  product  will  have  to  be  done  by  cars.  The  existing  design  and  arrange- 
ment of  these  cars  represent  extended  and  thoughtful  development. 
The  facilities  for  the  safe  and  economical  storage  and  handling  of  petro- 
leum products  are  undoubtedly  in  many  respects  of  the  most  efficient 
nature,  and  there  is  no  doubt  that  all  persons  connected  with  the  crude- 
oil  industry  are  exceedingly  receptive  of  counsel  and  advice  that  will 
improve  the  oil  tank-car  arrangements. 

When  there  are  considered  the  insurance  and  r^ulations,  the  danger 
attendant  upon  the  transportation  of  oil  by  cars,  together  with  the 
limited  facilities  for  the  storage  of  such  combustibles  in  our  various 
industrial  cities,  it  becomes  a  question  of  paramount  importance  that 
wherever  possible  the  car  facilities  should  be  supplemented  in  some 
manner,  and  that  a  greater  distribution  of  the  oil  product  be  brought 
about  by  barge  or  through  some  other  maritime  agency.  However 
great  may  have  been  the  shortcomings  of  those  controlling  the  petroleum 
industry,  there  is  no  doubt  that,  so  far  as  tank-car  equipment  and  storage 
facilities  are  concemedi  an  exceedingly  earnest  efifort  has  been  made  by 
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the  oil  corporations  to  bring  an  adequate  amount  to  the  various  industrial 
cities,  and  to  store  it  in  as  convenient  a  location  as  possible.  The  oil- 
distributing  companies,  however,  have  been  confronted  with  the  problem 
that,  at  every  important  industrial  center,  there  exists  not  only  a  dearth 
of  oil  tank  cars,  but  a  lack  of  freight-handling  facilities.  It  has  not 
therefore  been  possible,  by  reason  of  existing  railroad  terminal  facilitiesj 
to  give  preference  to  the  distribution  and  handling  of  crude  oil  when  the 
railroad  companies  are  confronted  with  the  more  serious  and  more 
important  problem  of  handling  the  daily  food  supply  of  these  great 
municipalities;  and  this,  in  general,  is  one  of  the  reasons  why  manu- 
facturers cannot  get  the  oil  they  need. 

Our  Lack  of  Merchant  Marine  a  Serious  Bar  to  the  Development  of  the 
Cruder-Oil  Industry. — One  can  well  understand  that  it  has  been  primarily 
due  to  the  lack  of  suitable  oil  barges  and  tankers  that  makes  the  sea- 
going distribution,  or  maritime,  phase  of  the  problem  a  matter  that  con- 
cerns our  industrial  life.  Under  existing  conditions  the  transportation 
of  oil  in  American  vessels  to  foreign  ports  is  substantially  a  venture 
impossible  of  profit.  On  the  Pacific  coast  it  may  now  be  possible;  but, 
with  the  development  of  the  Mexican  fields  and  the  opening  of  the 
Panama  Canal,  we  may  lose  even  that  trade.  The  cost  of  operation  of 
American-manned  ships  has  been  so  great,  as  compared  with  the  operation 
of  foreign  ships,  that  it  is  certain  we  cannot  hold  any  foreign  trade,  and 
therefore  it  has  fallen  into  the  hands  of  our  foreign  rivals.  The  indirect 
financial  loss  to  this  nation  in  the  loss  of  the  petroleum  export  trade  has 
undoubtedly  been  of  vast  extent.  American  crude  petroleum  is  one  of 
the  products  that  is  favorably  received,  if  not  eagerly  sought,  in  foreign 
countries,  and  therefore  the  control  of  this  special  trade  is  of  far-reaching 
importance  to  our  manufacturing  interests  at  large.  Following  the 
importation  of  petroleum  products  into  foreign  countries,  there  has 
almost  invariably  been  a  progressive  increase  of  imports  of  other  American 
articles  to  such  countries.  It  therefore  appears  that,  if  there  is  one 
industry  that  needed  the  support  of  the  government,  or  even  that  should 
have  been  heavily  subsidized,  it  is  that  relating  to  the  carrying  of  crude 
oil  in  American-registered  ships. 

Nation^s  Reserve  Stock  of  Crude  Petroleum. — It  is  significant  to  note 
that  the  petroleum  stocks  on  hand  in  the  United  States  at  the  close  of  1913 
approached  about  130,000,000  barrels,  a  quantity  that  would  not  meet 
the  nation's  existing  consumption  for  a  period  exceeding  eight  months. 
On  Jan.  1,  1913,  the  reserve  stock  was  actually  less  than  that  on  hand 
Jan.  1,  1912.  During  the  past  year,  however,  there  has  been  a  slight 
increase  in  the  reserve  stock,  although  drilling  for  the  product  was  stimu- 
lated in  every  State  in  the  Union  as  a  result  of  the  increased  price 
obtained  for  substantially  every  distillate  and  by-product  of  crude  oil. 
It  is  of  exceeding  commercial,  if  not  military,  interest,  likewise,  to 
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remember  that  the  yield  for  1913  from  every  oil-producing  State  except 
California  and  Oklahoma  was  less  than  the  yield  of  some  previous  year, 
despite  the  fact  that  progressively  increased  prices  were  obtained  for  the 
oil  in  every  district  of  the  country,  and  that  oil  fields  which  had  been 
abandoned  in  previous  years  are  now  able,  under  existing  conditions,  to 
yield  a  profitable  return  upon  the  capital  invested. 

A  very  distinguished  authority  upon  the  California  product  has 
recently  declared  that,  despite  the  continuous  and  careful  research  that 
has  been  made  for  oil  in  that  commonwealth,  the  possible  productive  area 
of  that  State  appears  to  be  about  2,000  acres  beyond  that  established  in 
1909,  when  Secretary  Garfield,  then  the  executive  head  of  the  Department 
of  the  Interior,  ordered  a  survey  to  be  made.  He  furthermore  said  that 
in  all  probability,  nearly  every  crude-oil  basin  within  that  State  had  been 
located,  and  that  there  would  be  a  constant  drain  and  reduction  in  the 
reserve  stocks  that  could  be  maintained  there.  In  fact,  another  expert 
has  asserted  that,  due  to  water  intrusion  and  certain  wasteful  methods  of 
production  practiced  in  California,  this  country  should  be  prepared  to  note 
a  startling  slump  in  the  oil  production  of  California.  The  wasteful  manner 
in  which  drilling  is  being  carried  on  in  that  State,  taken  in  connection 
with  the  fact  that  the  most  important  wells  can  henceforth  be  expected 
to  show  a  progressively  decreased  supply  of  the  product,  affords  some 
ground  for  the  belief  that  the  curve  of  production  in  that  State  may 
suddenly  drop  like  the  hump  on  the  back  of  a  camel. 

As  regards  the  thousands  of  miles  of  productive  fields  that  are  sup- 
posed to  exist  in  Mexico,  the  United  States  Geological  Survey,  in  its 
Advance  Bulletin  for  1914,  states  that,  despite  the  phenomenal  energy  of 
crude-oil  exploration  work  in  Mexico,  the  fact  remains  that  so  far  as  the 
present  supply  is  concerned  the  Mexican  yield  has  been  practically  limited 
to  a  few  large  wells,  and  not  to  a  very  large  number  of  smaller  wells. 
It  is  questionable,  also,  whether  many  new  weUs  are  likely  to  be  drilled 
under  the  peculiar  conditions  that  exist  in  Mexico  at  present,  and  that 
may  possibly  exist  for  years,  as  regards  shipments.  It  is  extremely 
probable  that  the  supply  will  not  be  sufficient  to  meet  the  demands  of  the 
numerous  large-sized  tankers  that  have  been  contracted  for  to  carry  the 
product  from  Mexico  to  England.  It  must  further  be  considered  that, 
with  greater  confidence  developed  as  regards  the  Mexican  supply,  the 
price  per  barrel  may  increase  rather  than  be  reduced,  because  an  assured 
supply  from  that  country  will  not  only  stimulate  refining,  but  tend  to 
increase  the  oil  consumption  throughout  the  world.  At  present  the 
Mexican  yield  is  but  5  per  cent,  of  the  total  yield  of  the  world,  find  there 
is  substantial  evidence  that  most  of  the  promises  as  regards  Mexican  devel- 
opment are  not  likely  to  turn  into  performances.  It  is  even  going  to  be 
for  some  years  quite  a  serious  matter  to  safeguard  the  Mexican  wells  from 
destruction  at^the\ands  of  brigands  and  insurrectos. 
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The  Military f  if  not  the  Indv^trial,  Necessity  of  InstaUing  Additional 
Pipe  Lines  to  Certain  Points  on  the  Atlantic  Coast. — ^By  reason  of  the  fact 
that  the  vicinities  of  Cape  Hatteras  and  Cape  Cod  constitute  certain 
storm  centers;  the  insurance  companies  of  the  United  States  charge  addi- 
tional rates  on  ships  that  pass  near  these  storm  points.  These  additional 
rates  of  insurance  likewise  apply  to  the  cargoes  carried  by  the  vessels. 
While  the  rates  for  approved  sailing-ship  transportation  are  less  than  those 
demanded  for  approved  steamship  transportation,  the  fact  remains  that 
all  classes  of  vessels,  whether  steam  or  sail;  are  made  to  pay  an  extra 
insurance  charge  of  about  10  per  cent,  when  plying  within  range  of  the 
lighthouses  of  Hatteras  and  Nantucket. 

There  are  undoubtedly  urgent  military  reasons,  if  there  is  not  an 
industrial  need,  that  the  leading  transporting  oil  companies  should  extend 
their  pipe  lines  to  some  point  on  the  Atlantic  coast  south  of  Hatteras,  and 
to  another  point  either  on  Narragansett  or  Massachusetts  bay.  An  oil 
pipe  line  leading  to  New  England  ought  to  prove  a  paying  venture  at 
least  in  the  course  of  a  few  years,  by  reason  of  the  increased  quantity  that 
would  be  consumed  there,  and  the  higher  prices  that  would  be  willingly 
paid  by  the  manufacturers  if  they  could  be  assured  of  an  adequate  and 
reliable  supply. 

In  the  manufacture  of  illuminating  gas,  crude  oil  is  an  important  and 
essential  constituent,  and  it  ought  to  be  possible,  without  in  any  manner 
impairing  the  financial  interests  of  those  engaged  in  oil  transportation, 
to  make  the  New  England  project  a  desirable  investment.  The  number 
and  character  of  the  industrial  cities  between  Bayonne  and  Boston,  and 
the  possible  extent  to  which  crude  oil  could  be  used  in  the  industries  of 
those  cities,  ought  to  warrant  the  building  of  a  New  England  oil  pipe  line. 

However  numerous  and  however  large  may  be  the  containing  tanks 
that  may  be  installed,  but  which  must  be  supplied  either  by  tank  cars 
or  by  sea-going  barge  or  ship,  there  will  be  periods,  as  long  as  we  depend 
on  tank  cars  and  due  to  the  railroad  terminal  conditions  at  all  our  leading 
industrial  centers,  when  the  reserve  stock  will  be  of  such  a  limited  nature 
as  to  prevent  certain  users  from  obtaining  an  adequate  supply;  and  it  is 
for  this  reason  that  there  appears  to  be  an  industrial  necessity  for  a  New 
England  oil  pipe  line. 

The  construction  of  a  pipe  line  from  the  West  Virginia  fields  to  some 
port  south  of  Hatteras — a  port  which  possesses  the  deep-water  facilities 
of  Charleston,  is  a  national  necessity,  and  if  necessary  its  construction 
should  be  subsidized  by  the  government.  The  far-reaching  influence  of 
providing  an  ample  supply  of  oil  to  naval  vessels  alone  cannot  be  over- 
estimated, and  a  pipe  line  to  some  point  on  the  Atlantic  coast  south  of 
Hatteras  may  eventually  develop  into  a  military  necessity.  Our  sea- 
going battleships  that  are  fitted  with  exclusively  oil-fuel  installations, 
together  with  numerous  destroyers  that  bum  oil  exclusively,  require 
VOL.  xLYin. — 46 
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terminal  pipe-line  facilities  at  some  point  south  of  Cape  Hatteras,  and  the 
construction  of  a  pipe  line  from  the  West  Virginia  fields  to  Charleston 
ought  to  be  given  early  consideration.  Fortunately  for  the  interests  of 
the  Navy,  there  are  several  oil  pipe  lines  leading  to  Gulf  ports. 

The  General  Problem  of  the  Conservation  of  Petroleum  Shoidd  be  Con- 
eidered  by  a  N'ational  Commission  of  Experts,  Representative  of  all  Interests 
Concerned  in  the  ^icestion. — Neither  the  direct  value  nor  the  indirect 
worth  of  the  ocean  oil-carrying  trade  to  a  nation  may  be  within  our 
power  to  estimate.  The  far-reaching  importance,  however,  of  the  mari- 
time feature  of  the  petroleum  problem  is  best  evidenced  and  manifested 
by  the  fact  that,  although  the  petroleum  yield  of  the  British  possessions 
does  not  comprise  even  1  per  cent,  of  the  world's  production,  there  was 
appointed  on  July  30, 1912,  by  the  British  Ministry,  a  Royal  Commission 
on  Oil  Fuel  for  the  Navy.  This  Commission  was  headed  by  the  ablest 
naval  oflScer,  in  some  respects,  that  has  been  borne  on  the  Navy  List  of 
England  since  the  days  of  Nelson. 

In  order  to  demonstrate  the  importance  which  Great  Britain  attached 
to  the  work  of  the  Commission,  the  personnel  of  that  body  included  the 
Director  of  Naval  Construction,  the  Engineer-in-Chief  of  the  Navy, 
representatives  of  the  shipbuilding  firms  and  shipping  interests,  together 
with  representatives  of  every  important  interest  concerned  in  the  exten- 
sion and  development  of  the  petroleum  industry. 

While  this  Commission  has  made  several  confidential  ad  interim  or 
preliminary  reports,  it  is  extremely  important  to  note  that  this  dis- 
tinguished array  of  experts  has  not  yet  found  it  possible  to  submit  its 
final  report  to  the  British  Ministry.  These  experts  evidently  believe 
that  the  more  study  that  is  given  the  matter,  the  more  important  appear 
the  possibilities. 

If  there  were  impelling  reasons  upon  the  part  of  the  British  Ministry 
to  appoint  such  a  Commission,  although  England's  distinctive  industrial 
interest  in  the  matter  is  primarily  based  upon  the  distribution  feature  of 
the  oil  product,  it  would  appear  much  more  important  that  this  country 
should  give  equal  consideration  to  the  problem.  In  fact,  however,  it 
is  the  military  possibilities  of  the  problem  that  concern  Great  Britain; 
and  should  we  not  be  more  concerned  as  to  this  phase  of  the  problem? 

The  Liquid  Fuel  Board  of  the  Navy,  a  Board  which  carried  on  the 
most  exhaustive  series  of  tests  that  have  ever  been  conducted  in  deter- 
mining the  relative  value  of  coal  and  oil  as  a  fuel,  made  the  following 
recommendation  in  submitting  its  report  in  1903.  It  is  pertinent  to 
state  that  these  tests  continued  over  a  period  of  30  months,  and  that  the 
direct  and  indirect  expenditure  involved  in  the  work  exceeded  a  quarter 
of  a  million  dollars. 


if 


In  view  of  the  fact  that  48  per  cent,  of  the  world's  output  of  crude  petroleum  is 
produced  in  the  United  States  (it  is  now  03  per  cent.),  and  that  praotioally  our  entire 
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yield  is  secured  from  fields  which  are  in  pipe-line  communication  with  important 
maritime  and  strategic  ports,  the  Board  considers  that  a  joint  commission,  representing 
commercial,  manufacturing,  and  maritime  and  naval  interests,  should  be  authorized 
by  the  Congress,  whose  provisions  it  would  be  to  formulate  such  rules  and  regulations 
as  wo\ild  provide  for  the  economical,  efficient,  enduring,  and  safe  fuel  installation.'* 

Far-reaching  as  may  have  been  the  above  recommendation,  there  have 
been  such  important  developments  in  the  petroleum  problem  during  the 
past  10  years  that  it  now  appears  more  imperative  than  ever  before  that 
such  a  Commission  should  be  appointed.  Its  duties  should  be  of  a  much 
more  extensive  nature  than  reconmiended  by  the  Liquid  Fuel  Board  of  the 
Navy.  Its  scope  of  inquiry  should  i  Delude  every  feature  of  development 
from  prospecting  for  the  product  to  the  distribution  of  the  commodity. 
Particularly  should  its  work  include  the  important  problem  of  conserving 
this  great  industry  to  the  benefit  of  our  commerce  and  the  defense  of  this 
nation. 

This  meeting  of  the  American  Institute  of  Mining  Engineers  affords 
an  opportune  time  for  givmg  some  serious  consideration  to  the  question 
of  conserving  the  petroleum  industry,  and  to  the  appointment  of  a  na- 
tional Commissiofi  that  would  outline  the  nature  of  the  work  that  should 
be  entrusted  to  such  a  body. 
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The  Use  of  Petroleum  in  Dust  Prevention  and  Road  Preservation 

V 

BY   L.    W.   PAGE,*  WASHINOTON,   D.   C. 

(New  York  Meeting,  February,  1914^ 

Previous  to  the  introduction  of  the  motor  vehicle  the  broken  stone 
or  macadam  road  met  the  conditions  of  rural  horse-drawn  traffic  better 
than  any  other  type  of  road,  but  under  fast  motor  traffic  it  has  been 
proved  to  be  quite  unsatisfactory,  and  necessitates  high  maintenance 
charges.  Such  a  road  depends  for  its  success  upon  the  fact  that  the 
rock  dust  fills  the  voids  between  the  stones  and  acts  as  a  cement  or 
binder.  Under  ideal  conditions  it  should  be  constructed  of  rock  so 
suited  to  the  volume  and  character  of  horse  traffic  that  only  enough  fine 
dust  is  worn  from  the  stones  of  which  the  road  is  comf>osed  to  take  the 
place  of  that  carried  off  by  wind  and  rain;  and  when  these  conditions  are 
met,  the  fine  dust  resulting  from  the  wear  of  traffic  forms  with  the  stone 
a  smooth,  impervious  shell,  shedding  the  surface  water  and  protecting 
the  foundation.  With  increase  in  the  number  and  speed  of  motor  ve- 
hicles, however,  it  was  soon  foimd  that  the  cost  of  maintenance  also  in- 
creased, until  at  the  present  day  highway  engineers  consider  the  old 
method  of  constructing  and  maintaining  broken-stone  roads  increasingly 
inadequate,  and  are  introducing  every  known  type  of  binding  material 
other  than  rock  dust  to  cement  the  stone  together.  Among  the  most 
prominent  types  of  products  in  use  are  those  produced  from  our  various 
petroleums. 

That  the  value  of  modem  methods  of  road  preservation  was  appre- 
ciated in  this  country  much  earlier  than  we  have  been  accustomed  to 
believe  is  demonstrated  by  the  recent  revival  of  an  old  patent  which  was 
granted  to  one  John  Martineau,  of  Elbridge,  N.  Y.,  in  1834.  Petroleum 
had,  of  course,  not  been  discovered  at  that  time,  but  he  claims  as  his 
invention  and  improvement  ''The  application  of  tar,  turpentine,  or  any 
of  that  class  of  tenacious,  cohesive  substances,  reduced  before  use  to 
a  fluid  state,  and  that  state  used  as  a  cement,  to  apply  to,  and  combine 
with  sand,  gravel,  pebbles,  and  pulverized  stone,  such  as  is  used  for  a  Mc- 
Adam  road,  or  cobble  stone,  the  interstices  of  coarser  material  being  in 
all  cases  filled,  as  well  as  may.be,  with  sand  and  gravel  and  cemented 
with  tar  or  turpentine,  to  form  the  wearing  face  or  surface  of  streets, 


*  Non-member. 
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roads,  etc.,  in  the  manner  described  in  this  specification."  The  specifi- 
cations are,  moreover,  of  rare  interest  in  that  they  forestall  our  modern 
ideas  of  dense  mixture  by  specifying  "Whatever  kind  or  variety  of 
materials  are  selected  in  any  particular  case,  the  whole  should  be  rendered 
as  compact  and  uniform  as  possible.  If  coarse  materials  enter  into 
the  composition  in  any  case,  finer  materials  should  be  combined  there- 
with to  fill  the  vacancies,  render  the  mass  solid  and  compact,  and  the 
upper,  surface  smooth  and  even."  A  general  type  of  distributor  is  also 
described  which  embodies  the  principal  features,  excepting  high  pressure, 
of  machines  in  use  to-day. 

The  beneficial  effect  of  oil  on  roads  was  observed  in  the  early  days 
of  the  development  of  the  Pennsylvania  oil  fields.  Through  tracking  and 
dropping,  appreciable  quantities  of  oil  naturally  came  upon  the  surface 
of  the  various  roads  communicating  between  the  wells,  and  although  no 
systematic  use  of  the  observation  was  made,  it  was  noted  that  a  denser, 
more  compact  surface  was  formed,  with  the  elimination  of  dust. 

However,  these  early  observations  never  came  into  prominence  and 
it  may  be  said  that  experiments  in  California  were  the  forerimners  of  our 
recent  developments  in  the  application  of  oil  to  roads.  In  1894  crude 
Summerland  oil  was  applied  to  the  earth  roads  of  Santa  Barbara  county, 
and  the  results  proved  so  successful  that  the  practice  rapidly  spread 
throughout  the  State.  The  character  of  the  native  crude  oil  together 
with  peculiar  soil  and  climatic  conditions  favored  the  success  of  this  type 
of  improvement  in  the  locality  where  it  originated,  and  it  was  not  long 
before  the  fame  of  the  California  oiled  road  became  widely  known. 
This  naturally  led  to  similar  experiments  in  the  East,  but  these  met 
with  mixed  success  and  failure  owing  to  the  widely  varying  character 
of  the  available  oils  and  different  local  conditions. 

The  California  oils  are,  as  a  whole,  distinctly  asphaltic  in  their 
general  character,  consisting  essentially  of  the  unstable  polycyclic  poly- 
methylene  hydrocarbons  which  characterize  the  native  asphalts.  They 
possess  decided  adhesive  properties  and  the  property  of  rapidly  hardening 
or  "setting  up"  upon  exposure  to  atmospheric  influences.  The  oils 
from  the  other  fields  of  the  United  States  vary  from  those  of  the  Appala- 
chian and  Ohio-Indiana  fields,  which  are  composed  largely  of  saturated 
paraffin  hydrocarbons,  to  those  of  the  Gulf  field,  which  contain  a  larger 
percentage  of  unsaturated  hydrocarbons  and  are  frequently  characterized 
as  semi-asphaltic.  The  former  are  of  a  naturally  greasy  consistency  and 
cannot  be  made  to  develop  any  adhesive  properties  by  refining  processes. 
They  possess  a  certain  value  as  dust-layers,  where  the  purpose  is  simply 
to  hold  down  by  capillarity  the  dust  which  has  already  been  created  upon 
the  road  surface.  Their  effect  is  temporary,  and  the  necessary  fre- 
quency of  application  is  dependent  on  local  conditions.  The  same  general 
statement  is  true  of  most  of  the  crude  oils  from  other  fields,  excepting 
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California,  although  the  so-called  semi-asphaltic  oils,  on  account  of  the 
nature  of  their  hydrocarbons,  can  be  made  to'yield  satisfactory  products 
for  surface  treatment  and  road  construction. 

During  the  past  two  or  three  years  two  hitherto  unknown  types  of 
petroleum  have  come  into  prominence — ^the  Trinidad  and  the  Mexican 
oils.  The  more  fluid  grades  of  both  are  similar  in  that  they  consist  of  a 
relatively  large  amount  of  adhesive  asphaltic  base  held  in  solution  by- 
natural  solvents  of  low  boiling  point.  Both  are  rich  in  imsaturated 
hydrocarbons,  and  the  essential  differences  between  them  appear  to 
rest  in  the  fact  that  the  Mexican  petroleums  have  a  higher  sulphur 
content  than  those  from  Trinidad,^  and  yield  appreciable  quantities  of 
paraffin  scale,  which  is  not  foxmd  in  the  Trinidad  oils.  Both,  however, 
when  of  proper  consistency  for  the  work  in  question,  have  yielded 
satisfactory  results  when  properly  applied. 

Through  processes  of  experiment  and  development  two  general 
methods  of  dust  prevention  and  road  preservation  have  resulted: 

(1)  The  treatment  of  the  road  surface  with  substances  capable  of 
holding  down  the  dust  present  and  of  laying  dust  brought  in  from  outside 
sources. 

(2)  The  internal  treatment  of  roads  with  binders  capable  of  reducing 
road  wear  and  disintegration  and,  therefore,  dust  formation  from  the 
road  material  proper. 

The  first  method,  which  is  generally  spoken  of  as  surface  treatment, 
may  really  be  further  subdivided  with  regard  to  the  class  of  material 
used  and  the  form  of  treatment  pursued.  The  purpose  is  usually  ac- 
complished with  fluid  petroleum  products  of  proper  viscosity  for  hot  or 
cold  application,  as  the  case  may  be.  These  products  are  usually 
classified  as  temporary  and  semi-permanent  binders,  according  to  the 
results  they  will  yield.  Under  the  first  classification,  we  include  those 
products  whose  principal  function  is  to  hold  dust  in  situ,  largely  by 
capillarity.  They  need  not  necessarily  possess  any  pronounced  binding 
•  value,  and  must  be  applied  several  times  during  a  season  in  order  to 
accomplish  their  piirpose  satisfactorily.  They  are  generally  applied 
without  any  extensive  preparatory  cleaning  of  the  surface,  and  their 
only  preservative  action  results  from  the  fact  that  they  hold  upon  the 
surface  a  loose  pad  of  dust  and  oil.    The  lighter  grades  of  our  native 


^  Clifford  Richardson  calls  attention  to  an  apparent  inaccuracy  in  this  statement. 
Ilis  paper  on  Characteristics  and  Differentiation  of  Native  Bitumens  and  Their 
Residuals  shows  that  the  two  types  of  crude  petroleums  referred  to  contain  practically 
the  same  per  cent,  of  sulphur,  3.28  in  Mexican  and  3.60  in  Trinidad,  but  that  the  re- 
siduals from  Mexican  petroleums  retain  a  higher  percentage  of  sulphur  than  those  from 
Trinidad:  i.e.,  5.38  as  compared  to  2.10.  The  author's  statement  with  regard  to 
sulphur  content  should  have  been  modified  to  apply  more  particularly  to  residuals, 
although  he  has  found  Mexican  crude  to  contain  as  high  as  4.70  per  cent,  sulphur. 
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crude  petroleums  which  are  capable  of  being  applied  cold  will  serve  the 
purpose  of  temporary  binders  or  dust  palliatives,  and  some  of  the  high- 
boiling  distillates  have  been  used  with  satisfaction.  Emulsions  of  resid- 
ual petroleums  with  alkaline  soap  solutions  have  also  been  extensively 
used  in  the  treatment  of  park  roads,  for  the  reason  that  they  are  readily 
miscible  with  water  and  may  be  cheaply  and  eflSciently  applied  from  an 
ordinary  sprinkling  wagon.  Emulsions,  however,  to  be  successful,  should 
be  of  such  character  that  they  will  remain  emulsified  when  mixed  with 
water,  and  after  application  will  evaporate  in  such  form  that  they  may 
not  be  readily  washed  out  by  rain. 

Semi-permanent  binders  constitute  the  class  of  petroleum  products 
which  will  yield  efficient  results  on  a  single  application  or  less  per  season, 
and  their  use  involves  real  surface  treatment  as  now  generally  understood. 
They  should  be  applied  to  a  thoroughly  cleaned  road  surface  for  the  pur- 
pose of  forming  a  wearing  surface  or  mat  with  the  rock  screenings  or 
gravel  with  which  the  application  of  oil  is  covered.  A  treatment  of  this 
character  acts  not  only  as  a  dust  preventive  in  that  it  holds  to  some  ex- 
tent extraneous  dust  which  may  be  brought  on  to  the  surface,  but  also 
as  a  road  preservative  in  that  it  takes  the  wear  which  would  otherwise 
come  upon  the  road  material  proper.  The  cost  of  maintaining  a  surface 
mat  of  this  character  is  dependent  upon  climatic  and  traffic  conditions, 
but,  as  a  general  proposition,  it  may  be  said  that  it  gives  best  surface 
under  traffic  in  which  automobiles  are  the  predominating  class.  The 
Office  of  Public  Roads  is  at  present  watching  with  interest  a  series  of 
experiments  in  which  9  miles  of  newly  resurfaced  limestone  macadam  was 
treated  in  sections  with  seven  different  surfacing  materials.  Both  hot 
and  cold  applications  were  made  with  three  varieties  of  tar  products  and 
four  of  petroleum  products.  Traffic  censuses  are  being  regularly  made 
and  accurate  maintenance  data  kept  with  a  view  to  determining  the 
relative  economy  of  the  several  experiments. 

The  results  of  observations  to  date  would  indicate  that  a  petroleum 
product  to  prove  of  value  as  a  semi-permanent  binder  in  surface  treatment 
should  possess  decided  adhesive  qualities  or  should  at  least  develop  such 
properties  in  the  residue  from  the  standard  volatilization  test  at  163^  C. 
These  qualities  are,  of  course,  most  pronounced  in  petroleums  which  we 
have  classified  as  asphaltic.  For  cold  treatment,  those  oils,  either  natural 
or  artificially  prepared,  which  consist  of  a  light  solvent  carrying  a  suffi- 
cient quantity  of  viscous  adhesive  base,  have  met  with  much  favor  of 
late.  Such  oils  are  of  a  consistency  to  be  readily  applied  without  heat- 
ing, but  owing  to  the  volatility  of  the  solvent  they  possess  the  character- 
istic of  "setting  up"  with  fair  rapidity. 

For  hot  surface  treatment  the  heavy  residuals  from  asphaltic  oils  or 
from  those  semi-asphaltic  petroleums  which  contain  a  sufficient  amount 
of  xmsaturated  hydrocarbons  to  yield  products  of  well-defined  binding 
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quantities  prove  best.  Esistem  petroleums  or  those  from  other  localities 
which  are  rich  in  paraffin  hydrocarbons  are  not  adapted  to  the  prepara- 
tion of  semi-permanent  binders. 

The  second  method  or  internal  treatment  for  road  preservatives  is 
generally  accomplished  by  one  of  two  methods. 

In  the  penetration  method,  the  best  practice  is  to  place  upon  the  sub- 
grade,  prepared  as  for  ordinary  Vnacadam  work,  a  foundation  course  of 
No.  1  crushed  stone  to  the  desired  depth.  This  is  well  rolled,  with  the 
addition  if  necessary  of  sand  or  screenings  to  thoroughly  bond  the  course, 
care  being  taken  that  there  is  no  excess  of  fine  material  which  will  pre- 
vent the  wearing  course  from  keying  into  the  foundation.  The  road  is 
then  rolled  until  absolutely  firm,  more  screenings  being  applied  if  neces- 
sary to  take  the  place  of  those  worked  into  the  foundation.  The  wear- 
ing course  of  No.  2  crushed  stone,  clean  and  free  from  dust  and  screenings, 
is  then  applied  to  a  finished  depth  of  2  or  3  in.,  and  this  course  lightly 
rolled.  The  hot  bitumen  is  next  poured  or  sprayed  upon  the  road  at 
the  rate  of  about  1^  gal.  per  square  yard,  after  which  a  light  coat  of  clean 
i-in.  stone  chips,  free  from  dust,  is  applied  and  the  road  well  rolled.  A 
seal  coat  of  bitumen  is  then  painted  upon  the  surface  at  the  rate  of  from 
I  to  I  gal.  per  square  yard,  after  which  screenings  are  applied  and  rolled 
in  imtil  the  road  is  smooth  and  firm. 

In  general,  the  mixing  method  is  conducted  as  follows:  Upon  a 
foundation  course  of  crushed  stone,  prepared  in  the  same  manner  as  for 
the  penetration  method,  a  mixture  of  crushed  stone  and  bitimien  is  laid 
to  a  finished  depth  of  from  2  to  3  in.  and  rolled,  with  the  addition  of 
screenings.  A  paint  coat  of  bitumen  is  then  applied  and  the  road 
finished  oflf  in  the  maimer  previously  described.  The  mixture  of  stone 
and  bitumen  may  be  prepared  either  by  manual  labor  or  by  machinery, 
preferably  the  latter,  and  the  mineral  aggregate  may  be  graded  in  any 
approved  manner. 

Both  of  these  forms  of  wearing  surfaces  are  sometimes  laid  over  a 
concrete  base,  and  the  mixing  method  is  frequently  varied  by  carefully 
grading  the  aggregate  or  adding  a  given  portion  of  sand  to  the  stone  with 
a  view  to  forming  a  denser  surface. 

For  construction  work  of  the  above  character  we  use  what  we  are 
accustomed  to  term  permanent  binders,  which  include  the  heavy  semi- 
solids or  asphalts  prepared  from  petroleum.  They  are  preferably  ob- 
tained from  asphaltic  petroleums  either  by  direct  distillation  or  by 
distillation  with  air  agitation.  By  the  latter  method,  when  properly 
carried  out,  it  is  possible  to  obtain  a  product  of  given  consistency  at  a 
lower  distillation  temperature  than  would  otherwise  be  the  case.  Certain 
grades  of  semi-asphaltic  petroleums  from  our  middle  Western  and  Gulf 
fields  yield  satisfactory  binders,  which  are  sometimes  reinforced  by  the 
addition  of  gilsonite.    The  proper  consistency  of  a  permanent  binder 
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for  any  given  piece  of  work  will  be  dependent  upon  the  location  of  the 
project,  climatic  and  traffic  conditions,  and  the  nature  and  grading  of  the 
aggregate,  so  that  no  one  standard  grade  can  be  recommended  for  con- 
struction work  in  general.  And  even  the  general  classification  of  binders, 
as  above  given  for  use  in  the  treatment  of  broken  stone  roads,  may  vary 
somewhat  where  they  are  to  be  used  in  conjimction  with  certain  types 
of  road  rock.  In  recent  experimental  work  m  Florida,  under  the  super- 
vision  of  the  Office  of  Public  Roads,  an  effort  was  made  to  develop  a 
m'ethod  of  bitimiinous  construction  in  which  the  soft,  powdery,  and 
absorbent  native  coralline  rock  could  be  used.  What  we  would  cus- 
tomarily designate  as  a  permanent  binder  would  not  adhere  to  this  mate- 
rial, but  excellent  results  were  obtained  by  the  penetration  method  in  the 
use  .of  a  viscous  fluid  product  that  would  ordinarily  be  classified  as  suit- 
able for  surface  treatment  only. 

The  author  has  attempted  to  cover  in  a  short  paper  the  principal 
types  of  petroleum  products  which  are  used  throughout  the  United 
States  for  the  purposes  oi  dust  prevention  and  road  preservation,  the 
general  methods  by  which  they  are  appUed,  and  a  few  of  the  desiderata 
which  a  petroleum  product  should  possess  when  selected  for  a  given  pur- 
pose. The  fiiner  details  of  manufacture,  selection,  and  use  all  offer  sub- 
jects for  much  more  extended  discussion  than  the  present  occasion  would 
necessitate  or  permit. 

DISCUSSION 

Walter  Wilson  Crosby,*  Baltimore,  Md.  (communication  to  the 
Secretary t). — ^The  comprehensive  but  concise  treatment  of  the  subject 
by  the  author  is  gratifying  and  the  writer  wishes  to  compliment  Mr.  Page 
on  his  presentation  of  his  topic.  In  the  main  the  writer  believes  the 
author  correct  in  his  statements,  but  there  are  one  or  two  points  on  which 
he  believes  the  author  is  not  quite  clear  and  possibly  is  misinformed. 
For  instance,  the  author  may  mean  to  convey  the  impression,  by  the 
latter  part  of  his  first  paragraph,  that  present-day  highway  engineers 
agree  that  water-bound  macadam  is  a  thing  of  the  past,  or  is  rapidly  grow- 
ing to  be  so.  If  this  is  what  the  author  means  to  say,  the  writer  dis- 
agrees with  him,  and  believes  that  so  do  the  majority  of  the  better  in- 
formed and  less  radical  highway  engineers. 

With  the  introduction  of  the  use  of  bituminous  material,  such  as 
petroleum  products,  in  highway  construction  and  maintenance,  there  was 
a  tendency  among  the  less  conservative  highway  engineers  to  jump  to  the 
conclusion  that  water-bound  macadam  would  quickly  be  supplanted  by 
bituminous  roads  of  various  sorts.  Recently  a  reaction  has  set  in,  and 
the  position  of  the  more  conservative  engineers  in  the  matter  has  been 
more  clearly  recognized.  As  a  matter  of  fact,  water-bound  macadam 
protected  with  a  coating  or  carpet  of  bituminous  material  and  grit  is 

♦Non-member.  f  Received  Mar.  11,  1914. 
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just  beginning  to  obtain  the  recognition  due  it  as  a  most  useful  road  crust 
under  modern  traffic  conditions  in  many  cases.  This  fact  ia  fully  recog- 
nized in  England  and  in  some  parts  of  this  country.  The  writer,  at  the 
risk  of  appearing  to  digress  from  the  subject  under  consideration,  feels 
impelled  to  call  attention  to  this  point  in  this  discussion,  because  of  his 
knowledge  that  a  deduction,  such  as  might  be  founded  on  the  author's 
statement  in  this  connection,  is  constantly  being  used  as  an  argument 
against  the  further  construction  of  water-bound  macadam  on  country 
roads  and  for  the  construction  of  the  much  more  expensive  pavements, 
and  he  agrees  with  the  statement  recently  made  by  Hon.  S.  Percy  Hooker, 
State  Superintendent  of  Highways,  New  Hampshire,  who  has  said: 

"I  believe  that  more  economic  waste  has  been  entailed  by  the  use  of  an  improper 
type  of  road  than  in  any  other  way.  This,  to  my  mind,  does  not  mean  that  too  cheap 
roads  have  been  built.  In  many  instances,  I  think  the  error  is  directly  opposite  to 
this.  State  Departments  in  the  last  few  years,  overwhelmed  by  the  magnitude  of  the 
maintenance  cost  of  certain  types  of  roads,  have  many  of  them  rushed  to  the  other 
extreme.  They  have  adopted  almost  entirely  the  pavement  type  of  road  costing 
anywhere  from  $15,000  to  $25,000  per  mile,  and,  especially^where  the  money  has  been 
procured  imder  bond  issues,  they  have  actually  in  the  way  of  interest  incurred  a 
greater  maintenance  charge  than  the  actual  maintenance  charge  which  they  are  seek- 
ing to  avoid." 

The  author  in  speaking  of  the  mid-continent  oils  says  that  "they  are 
of  a  naturally  greasy  consistency  and  cannot  be  made  to  develop  any 
adhesive  properties  by  refining  processes."  If  the  author  means  hereby 
to  condemn  any  products  from  these  oils  for  road-making  purposes,  the 
writer  thinks  he  goes  too  far.  In  certain  forms  of  construction,  such  as  in 
a  well-rolled  and  mechanically  bonded  macadam,  where  the  stones  have 
been  so  kneaded  together  under  the  roller  that  the  voids  are  reduced  to  a 
minimum,  though  not  filled  with  fine  material,  and  the  particles  of  stone 
are  well  keyed  together,  the  desirability  for  high  adhesive  qualities  to  the 
void  filler  (the  petroleum  product  or  bituminous  material)  is  low,  and  in 
such  cases  very  satisfactory  results  indeed  have  been  had  from  the  use  of 
properly  prepared  products  from  the  mid-continent  field.  The  petro- 
leum product  in  these  cases  is  frequently  referred  to  as  the  "binder,"  and, 
under  such  conditions,  any  inference  from  the  statements  of  the  author 
that  the  mid-continent  field  cannot  produce  satisfactory  "binders"  seems 
to  the  writer  to  be  too  broad. 

In  referring  to  the  penetration  method  of  constructing  bituminous 
road  crusts,  the  author  says  that  "the  best  practice  is"  to  have  the  wear- 
ing course  of  No.  2  crushed  stone  "lightly  rolled,"  then  to  use  about  Ij 
gal.  of  hot  "bitumen"  {sic)  per  square  yard,  and  finally  to  apply  a  seal 
coat  of  "  bitumen"  at  the  rate  of  from  i  to  f  gal.  per  square  yard,  on  which 
screenings  are  spread  and  rolled.  Evidently  the  author  is  misinformed 
here,  for  the  recognition  is  now  general  of  the  desirability  for  a  thorough 
rolling,  not  a  light  one,  of  the  wearing  course  or  No.  2  stone  before  the 
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application  of  the  bituminous  material.  (The  author  probably  does  not 
mean  "  bitiimen, "  in  his  use  of  the  word,  to  be  taken  strictly  in  accordance 
with  the  definition  for  the  word  adopted  by  the  Committee  (D-4)  of  the 
American  Society  for  Testing  Materials,  of  which  the  author  is  Chairman.) 
Further,  the  statement  that  the  "best  practice"  is  to  finally  complete 
the  construction  imder  the  penetration  method  with  the  use  of  a  seal  coat 
may  be  seriously  questioned,  and  even  when  a  seal  coat  is  used,  it  is  seldom 
if  ever  successfully  used  in  the  maximum  quantity  stated  by  the  author. 
One-quarter  to  one-half  a  gallon  per  square  yard  would'  have  been  the 
better  statement. 

The  author's  remarks  as  to  the  effect  of  climatic,  traffic  and  other 
conditions  on  the  choice  of  a  binder  are  well  made,  and  apply  with  equal 
force,  in  the  opinion  of  the  writer,  to  the  selection  of  the  methods  of  con- 
struction, the  selection  of  all  the  materials,  and  to  the  other  details  of  the 
general  subject. 
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Scientific  Installations  for  the  Economical  Burning  of  Liquid  Fuel  of  any 

Specific  Gravity 

BY  WILLIAM  NEWTON  BEST,*  NEW  YORK,  N.  Y. 
(New  York  Meeting,  February,  1914) 

Oil  burners,  oil  furnaces,  and  methods  of  installation,  have  been  the 
subject  of  many  articles,  but  information  concerning  oil-burning  systems, 
based  upon  scientific  principles,  is  still  in  great  demand,  especially  in  the 
manufacturing  districts  of  our  country. 

Fuel  oil,  as  it  is  termed  (this  being  the  residuum  from  oil  refineries), 
has  for  many  years  been  of  great  service  to  our  manufacturers,  and  has 
justified  its  popularity  not  only  by  producing  a  superior  manufactured 
product,  but  by  turning  out  approximately  60  per  cent,  more  product 
than  can  be  made  with  coal  fuel  under  like  conditions.  To  install  a 
system  requiring  only  an  oil-storage  tank,  a  small  pump,  and  an  oil- 
supply  main  with  numerous  laterals  leading  to  the  various  burners, 
furnaces,  boilers,  etc.,  is  a  comparatively  simple  matter;  and,  because 
fuel  oil  is  very  volatile,  it  is  not  necessary  to  heat  it,  even  during  the  winter 
months  in  a  very  cold  climate.  Furthermore,  only  a  small  amount  of 
power  is  required  to  atomize  fuel  oil,  this  often  being  done  by  a  positive 
pressure  blower,  or  by  a  mechanical  burner.  An  analysis  of  fuel  oil, 
together  with  that  of  various  other  liquid  fuels,  is  given  in  Table  I. 

Table  I. — Analyses  of  Liquid  Fuels 


Fuel  oil 


California 

asphaltum  base 

crude  oil 


Carbon,  per  cent 84 .  35 

Hydrogen,  per  cent 11 .33 

Oxygen,  per  cent 2. 82 

Nitrogen,  per  cent 0. 60 

Sulphur,  per  cent 0. 90 

Gravity,  degrees  Bauin6 26  to  28 

Weight,  pounds  per  gallon ,  7.3 

Calorific  value,  B.t.u.  per  lb j  18,350  to  19,348 

Vaporizing  point,  degrees  F 130 


81.52 
11.01 

•  •  ■  • 

6.92 

0.55 

12  to  36 

7.6 

18,462  to  18,980 

230 


Mexican 
(Tampico 
Field)  crude 
oil 


83.83 

12.19 

0.43 

1.72 

2.83 

12  to  23.8 

7.82 

18,493 

175 


*  Vice-Chairman,  Committee  on  Petroleum  and  Gas. 
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In  the  middle  and  eastern  sections  of  the  United  States,  four  systems 
for  burning  fuel  oil  have  been  successfully  employed:  namely,  gravity 
feed;  column  gravity  feed;  the  pneumatic  system;  and  oil-pump  feed. 

Gratnty  Feed, — In  the  gravity-feed  system,  the  oil  is  supplied  to  the 
burner  from  a  supply  tank  located  approximately  8  ft.  higher  than  the 
burners.  This  is  the  cheapest  and  most  simple  system  to  install  and 
operate,  but  is  not  approved  by  the  National  Board  of  Fire  Underwriters. 

Column  Gravity  Feed. — ^By  column  gravity  feed,  the  oil  is  pumped  from 
the  storage  tank  through  the  supply  pipes  to  the  burners.  The  excess 
oil  is  then  forced  into  a  column,  consisting  of  a  pipe  2  in.  in  diameter  and 
approximately  20  ft.  in  height,  provided  at  the  top  with  a  vent  and  an 
overflow  pipe,  which  carries  the  excess  oil  which  overflows  back  to  the 
oil-storage  tank.  It  is  obvious  that  by  this  method,  the  pressure  main- 
tained at  any  burner  depends  upon  the  difference  in  level  between  the 
burner  and  the  top  of  the  oil  column.  When  this  difference  in  level  is 
16  ft.,  the  corresponding  pressure  would  be  approximately  7i  lb. 

The  Pneumatic  System. — In  the  pneumatic  system,  the  compressed- 
air  line  of  the  factory  is  connected  to  the  top  of  the  oil-storage  tank,  thus 
putting  the  oil  under  a  pressure,  which  may  be  regulated  and  controlled 
by  means  of  an  adjustable  set-screw  on  the  pressure-reducing  valve  on 
the  compressed-air  line.  The  pipe  which  supplies  oil  to  the  shop  is 
coupled  at  or  near  the  bottom  of  the  oil-storage  tank. 

Oilr-Pump  Feed. — The  pumping  system  is  now  most  commonly  used. 
Here  a  pump  is  employed  to  force  the  fuel  from  the  storage  tank  and  de- 
liver it  through  a  main  supply  pipe  and  laterals  leading  from  it  to  the 
different  burners.  A  pressure-relief  valve,  located  at  or  near  the  pump, 
maintains  the  required  oil  pressure,  as  well  as  allowing  the  excess  oil  to 
return  through  an  overflow  pipe  to  the  storage  tank.  In  this  system, 
the  oil-storage  tank  is  provided  with  a  fillmg  pipe,  usually  3  in.  in  diam- 
eter; a  man-hole;  and  a  vent  for  the  escape  of  gas.  The  regulations  of 
the  National  Board  of  Fire  Underwriters  in  the  central  and  eastern  parts 
of  this  country,  require  the  tank,  or  tanks,  to  be  located  at  least  30  ft. 
from  any  building,  and  to  be  covered  with  2  ft.  of  earth.  The  type  of 
oil  pump  is  sometimes  reciprocating,  operated  either  by  compressed  air 
or  by  steam,  and  sometimes  rotary  or  triplex,  driven  either  by  motor  or 
by  belt. 

The  Use  of  Oils  Heavier  than  Fuel  Oils. — ^The  advent  and  popularity  of 
automobiles  and  oil  engines  has  created  such  a  demand  for  by-products 
of  fuel  oil  that  it  has  now  become  too  valuable  to  be  used  as  fuel,  not- 
withstanding its  excellent  quality.  The  manufacturing  world  must, 
therefore,  install  in  future  some  system  by  which  heavier  oils  can  be 
used,  and  especially  petroleums  from  the  Mexican  and  Southern  Cali- 
fornia fields,  which  are  particularly  available  as  fuel,  because  they  con- 
tain so  small  a  proportion  of  volatile  oil,  gasoline,  kerosene,  etc.    Analyses 
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of  Califomian  and  Mexican  crude  oils  are  given  in  Table  I.  The  com- 
pletion of  the  Panama  Canal  will,  no  doubt,  result  in  vast  quantities  of 
this  fuel  being  delivered  to  the  southern  and  Atlantic  ports  of  the  United 
States. 

Efforts  have  been  made  in  the  eastern  parts  of  the  United  States 
during  the  past  year  and  a  half,  to  burn  the  heavy  petroleum  from  the 
Mexican  fields,  which  has  an  average  gravity  of  14**  Baumd.  Through 
ignorance,  when  attempting  to  use  this  oil,  no  means  were  provided  for 
heating  the  fuel  in  the  storage  tank;  the  oil  pump  which  had  been  used 
for  ordinary  fuel  was  not  changed  to  adapt  it  for  a  heavier  fuel;  the  oil 
pipe  lines  were  not  laid  so  that  the  fuel  would  be  constantly  in  circulation; 
and  the  pressure  valve  was  not  located  appropriately  for  the  heavier  oil. 
The  result  was  that  the  fuel  system  had  to  be  shut  down  until  the  oil  had 
been  removed  from  the  tanks  by  buckets. 

I  have  often  been  amused  by  the  efforts  of  persons  who  were  accus- 
tomed to  bum  fuel  oil,  but  who  were  not  familiar  with  the  use  of  heavy 
crude  oils.  For,  notwithstanding  that  the  heavy  crude  oil,  when  appro- 
priately handled,  is  a  better  fuel  than  ordinary  so-called  fuel  oil,  because 
it  has  a  higher  calorific  value  per  gallon,  nevertheless,  these  efforts  have 
often  resulted  in  crude  oil  being  condemned. 

OUr-Buming  Systems. — The  system  shown  in  Fig.  1,  by  the  use  of 
which  any  petroleum  from  12^  to  46°  Baum6  can  be  scientifically  used  as 
a  fuel,  comprises:  an  oil-storage  tank  provided  with  a  5-in.  filling  pipe, 
a  f -in.  steam  coil,  a  man-hole,  a  vent  pipe,  an  overfiow  pipe,  a  suction- 
pipe  fiange,  etc.,  as  required  by  the  National  Board  of  Fire  Under- 
writers; an  oil  pump  of  adequate  proportions  operated  by  steam  or  com- 
pressed air,  or,  if  it  be  a  triplex  pump,  driven  by  a  belt  or  motor;  and  an 
oil-supply  pipe  so  located  that  it  follows  the  line  of  furnaces,  boilers, 
kilns  or  other  equipment,  without  the  use  of  laterals,  and  with  riser 
pipes  from  oil-supply  pipe  to  burners,  each  of  which  must  not  exceed  3  ft. 
in  length.  The  system  must  also  include  an  appropriately  located  pres- 
sure-relief valve,  and,  adjacent  to  it,  a  byrpass  valve  to  drain  the  oil- 
supply  pipes  when  the  system  is  not  in  service.  An  overflow  pipe  is  con- 
nected with  the  relief  valve  and  also  with  the  by-pass  valve,  so  that  the 
excess  oil  will  be  led  back  to  the  storage  tank.  This  system  insures  a 
constant,  perfect  circulation  of  the  oil  to  each  burner,  and  eliminates  all 
dead  ends  on  the  supply  lines. 

Coating  the  oil-pipe  threads  with  a  paste  consisting  of  litharge  and 
glycerine,  before  assembling,  will  prevent  leakage.  The  unions  should 
be  ground  joint.  Gum  or  rubber  should  never  be  used,  and  lead  gaskets 
should  be  used  in  flanges.  I  deem  it  always  advisable  to  use  malleable- 
iron  beaded  fittings  on  all  oil-pipe  lines. 

Heating  the  Oil. — The  object  of  heating  the  crude  oil  is  to  reduce  its 
viscosity,  and  it  should  be  heated  in  the  storage  tank  to  a  temperature 
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that  will  allow  it  to  be  pumped  easily.  The  oil  is  also  heated  in  the  supply 
and  overflow  pipes  by  runnmg  a  steam  pipe  alongside  of  them,  and  in- 
closing both  in  an  8-in.  square  box  whichi  when  the  pipes  have  been  tested, 
is  filled  with  dry  sand.  By  regulating  the  amount  of  steam  passing 
through  the  heater  pipe,  the  oil  is  supplied  to  the  burners  at  a  temperature 
just  below  its  vaporizing  point.  When  the  pipes  are  inclosed  in  the 
manner  described  only  a  small  quantity  of  steam  is  needed,  and,  by  la3dng 
the  steam  pipe  below  the  oil  pipe  in  the  box,  it  is  accessible  at  all  times. 
Some  persons  prefer  to  heat  the  oil  by  passing  a  3/8-in.  steam  pipe 
through  the  oil-supply  pipe.  The  first  cost  of  this  is  cheaper,  but,  if 
the  steam  pipe  should  leak,  it  is  difficult  to  make  the  necessary  repairs. 
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Fia.  2. — PosmoN  of  Thebmombtbbs  on  Oil-Supply  Main. 


Accarald  Temperature  Required. — ^The  economic  advantage  of  accu- 
rately heating  the  oil  to  the  desired  temperature  is  shown  by  some  tests 
in  which  a  saving  of  20  per  cent,  of  Mexican  crude  oil  required  was  made 
by  heating  it  to  160**  F.  (which  is  10°  below  its  vaporizing  point)  instead 
of  120°  F.  The  control  of  temperature  is  so  important  that  thermometers 
should  be  used  in  direct  contact  with  the  fuel  as  it  passes  to  the  burner 
(see  Fig.  2).  Two  or  three  such  thermometers,  well  located,  will  save 
much  oil  and  increase  the  output  of  the  furnaces.  The  overheating  of 
the  oil  is  an  example  of  carelessness  which  should  be  severely  condemned, 
and  which  may  readily  be  detected  by  the  puffing  of  the  burner,  due  to 
escaping  vapor. 

Liability  to  Fire  ^trough  the  Use  of  Oil. — ^There  is  less  liability  of  fire 
from  liquid  fuel,  employed  by  means  of  a  modem  fuel-supply  83ratem, 
than  there  is  from  the  use  of  coal  or  coke,  yet  there  are  many  different 
rules  prevailing  in  different  parts  of  the  country  for  the  location  of 
oil-storage  tanks.    In  the  eastern  and  middle  sections  of  oiur  country,  the 
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laws  of  the  National  Board  of  Fire  Underwriters  require  all  storage  tanks 
to  be  placed  30  ft.  from  any  building  and  covered  by  2  ft.  of  earth,  while 
in  San  Francisco  they  are  placed  in  the  space  formerly  used  for  coal^ 
immediately  under  the  sidewalk,  and  are  filled  by  oil-tank  wagons  or 
oil*tank  cars  from  the  street.^  I  have  at  hand  evidence  which  proves  that, 
of  the  hundreds  of  oil-Ptorage  tanks  located  in  the  city  of  San  Francisco 
at  the  time  of  the  lato  earthquake  and  disastrous  fire,  not  one  exploded 
or  increased  the  conflagration  or  was  the  direct  cause  of  financial  loss. 
It  is  impossible  for  many  manufacturers  to  place  oil-storage  tanks  30  ft. 
from  any  building,  because  their  buildings  cover  their  entire  ground,  and 
the  Fire  Underwriters'  law  quoted  forbids  them  to  be  placed  under  the 
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Fio.  3. — Gravity-Feed  Oil-Burninq  System* 

sidewalks.  This  places  some  manufacturers  at  an  unfair  disadvantage 
in  competition  with  others,  because  it  prohibits  them  from  the  use  of 
crude  fuel  for  such  purposes  as  the  heat  treatment  of  metals,  drop  forging, 
welding,  etc. 

All  manufacturers  are  to-day  looking  for  quantity  as  well  as  quality 
of  output,  and,  as  oil  can  be  safely  stored  under  the  street  sidewalk  in 
one  section  of  the  country,  then,  why  can  it  not  in  another  section?  In 
other  words,  why  should  we  not  have  uniform  laws?  If  crude  oil  were  as 
volatile  as  gasoline,  there  might  be  some  grounds  for  fear,  but  it  is  not. 
As  ta*  as  the  danger  from  dripping  oil  is  concerned,  it  may  be  obviated 


*  Resolution  of  Executive  Committee  adopted  Aug.  20,  1901,  by  Board  of  Fire 
Underwriters  of  the  Pacific.     Circular  No.  185. 
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by  Bpnnkling  over  the  floor  of  the  pump  house,  and  around  the  storage 
tank,  a  mixture  of  8  lb.  of  sodium  carbide  with  1  bushel  of  sawdust. 

Tar  as  a  Fuel. — The  present  rapid  increase  in  the  use  of  by-product 
coke  ovens  makes  available  an  excellent  fuel  in  the  tar  which  is  obtained 
as  a  by-product,  to  the  extent  of  about  10  gaL  per  ton  of  coal  coked. 
Many  steel  works  have  found  it  to  thor  advantage  to  bum  this  tar,  which 
is  usually  conveyed  to  the  burners  by  gravity,  thestorage  tank,  as  shown 
in  Fig.  3,  being  placed  3  or  4  ft.  above  the  burners,  bdng  provided  with 
a  heater  coil  and  with  heater  pipes  running  along»de  the  supply  pipes, 
substantially  as  described  above.  Steel  plants  are  seldom  insured,  and 
any  plant  which  does  not  cany  insurance  can  bum  heavy  oil  success- 
fully in  the  same  manner. 

"Water-gas  tar"  is  a  residuum  from  gas  works  using  the  water-gas 
system,  and  is  an  excellent  fuel,  which  has  a  caloriflc  value  of  16,970 
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B.t.u.  per  pound,  equivalent  to  161,200  B.t.u.  per  gallon,  there  being 
9}  lb.  of  this  tar  per  gallon.  It  is  ordinarily  supplied  as  fuel  under  the 
boilers  of  the  plant  by  the  gravity-feed  ^stem  just  described. 

Burners. — Burners  should  be  constructed  so  aa  to  atomize  liquid  fuel 
of  any  specific  gravity  purchasable  in  the  open  market  without  changing 
any  of  the  parts  and  without  carbonization.  One  form  of  burner  is. 
shown  in  1%.  4.  Burners  should  be  simple  to  operate,  and  as  few  aa 
possible  should  be  used  in  each  equipment.  The  flames  should  fill  the  fire 
box,  or  charging  space,  of  thefumaces,  completely,  in  order  that  the  heat 
may  be  evenly  distributed.  If  mechanical  burners  are  used,  the  oil  pres- 
sure should  be  sufficieot  to  insure  complete  atomization,  and  the  construc- 
tion of  the  burner  should  be  such  as  to  provide  either  a  round  or  a  fiat 
fiame,  as  required.  If  atomizing  burners  are  used,  the  pressure  of  oil 
and  air  or  steam  must  be  constant,  because  any  fluctuation  in  the  pressure 
of  either  the  oil  or  the  medium  used  for  atomizing  will  give  a  variation  in 
the  kind  of  flame  and  in  the  temperature.    For  example,  we  may  have 


BCONOMICAL  BnBNIHa   OP  LIQmD  FUBL  723 

altern&tiTely  a  flame  that  is  oridizing,  reducing,  or  smoky,  whereas  the 
combuBtion  system  should  give  complete  control  of  the  kind  of  flame 
whenever  neceasary.  A  smoky  flame  should  always  be  avoided,  because 
it  causes  loss  of  fuel  and  decrease  in  temperatiu«.  Technically  speaking, 
carbon  dioxide  indicates  perfect  combustion,  while  carbon  monoxide 
shows  imperfect  combustion. 

KiTids  of  Service  for  which  Liquid  Fud  ia  Suitable. — ^The  burning  of 
Uquid  fuel  is  a  science,  and  only  by  burning  it  scientifically  can  successful 
reeults  be  obtuned.  To  condemo  oO  fuel  is  mmply  an  exhibition  of  ignor- 
ance, for  it  has  been  thoroughly  tested  throughout  the  eastern  and 
middle  States,  and  the  heavy  California  oil  has  been  succeesfully  burned 
in  every  form  of  service  on  the  Pacific  coast  for  the  past  25  years.  Petro- 
leum oi  low  specific  gravity  is  the  fuel  of  the  twentieth  century,  and  the 
demand  for  it  will  increase  every  year  from  every  manufacturing  nation 
which  endeavors  to  keep  pace  with  modem  pn^ese.  No  fuel  has, 
however,  been  so  wastef  ully  used  as  petroleum.    For  example,  many  open- 
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hearth  furnaces  require  61  gal.  of  oil  to  produce  a  ton  of  steel;  whereas, 
32  gal.  should  be  sufficient,  and  I  could  mention  20  other  instances  show- 
ing equally  great  variations.  A  continuous  billet-heating  furnace,  66 
by  10  ft.,  is  shown  in  Fig.  5. 

Petroleum  should  be  used  only  in  those  classes  of  work  in  which  it  is 
more  economical  than  coal,  coke,  or  gas.  I  regret  to  say  that  in  many 
instances  it  has  been  employed  where  it  could  not  possibly  con;pete  in 
price  with  other  fuels  produced  in  the  immediate  vicinity.  Comparisons 
may  be  readily  made  by  the  following  figures:  Assuming  that  the  petro- 
leum has  the  calorific  value  given  in  Table  I,  and  assuming  that  good 
bituminous  -coals  have  calorific  values  of  14,000  B.t.u.  per  pound, 
then,  in  good  drop-forge  practice,  60  gal.  of  oil  would  be  equivalent  to 
1  long  ton  of  coal;  in  boiler  practice,  under  like  conditions,  147  gal.  of 
oil  would  be  equivalent  in  evaporating  power  to  1  long  ton  of  coal;  in 
welding  locomotive  flues,  58  gal.  of  oil  are  equal  to  a  ton  of  coal,  and  in 
locomotive  service  on  an  average  division,  one  can  ordinarily  estimate 
that  180  gal.  of  oil  are  equivalent  to  a  ton  of  coal.    In  locomotive  service, 
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the  use  of  oil  eliminates  the  smoke  nuisance  and  the  loss  caused  by  the 
burning  of  ties,  grain  fields,  forests,  or  buildings.  In  large  forging 
plants  82  gal.  of  oil  will  do  the  work  of  a  ton  of  coal.  The  use  of  oil  has, 
of  course,  the  advantage  in  the  matter  of  there  being  no  ashes  to  handle, 
and,  in  a  large  plant,  one  man  can  fire  and  water-tend  a  battery  of  12 
oil-fired  boilers  with  perfect  ease. 

During  the  past  five  years,  oil  has  been  much  in  demand  to  increase 
the  efficiency  of  boilers  by  supplementing  the  coal  fire  during  the  peak  of 
the  load,  and  has  also  proven  so  valuable  for  emergency  boilers  in  water- 
power  plants,  etc.,  that  the  actual  cost  is  not  considered  in  this  service. 

Three  barrels  of  oil  (42  gal.  per  barrel)  are  equivalent  to  4,615  lb.  of 
hickory;  4,200  lb.  of  white  oak;  4,400  lb.  of  yellow  pine.  Six  gallons  of 
Texas  crude  oil  are  equivalent  to  1,000  cu.  ft.  of  natural  gas. 

The  calorific  value  of  petroleum  produced  in  all  sections  of  the  world 
is  about  the  same,  while  the  calorific  value  of  coal  varies  greatly.  For 
example,  the  calorific  value  of  Pocahontas  coal  is  15,391  B.t.u  per  pound, 
while  that  of  Illinois  coal  is  only  10,000  B.t.u.  per  pound. 

I  give  these  data  simply  to  show  that  it  requires  actual  operating  testa 
in  different  classes  of  service  to  obtain  a  definite  comparison  between  the 
relative  value  of  oil,  coal,  wood,  and  gas,  as  fuel.  To  attempt  to  make 
such  a  comparison  by  calculating  with  the  calorific  values  of  the  various 
fuels  is  only  misleading,  because  heat  is  required  to  liberate  the  gases  of 
coal,  and  in  welding,  for  example,  you  must  first  coke  your  fire  .when  using 
bituminous  coal,  and  therefore  there  is  a  two-fold  waste  of  fuel;  namely, 
the  heat  required  to  liberate  the  gases  and  the  waste  of  heat  while  coking 
the  fire,  because  it  is  impossible  to  weld  with  a  green -fire.  In  flue- 
welding  locomotive  flues,  commonly  termed  in  railway  shops  ''safe- 
ending,''  one  can  attain  and  maintain  a  welding  temperature  by  using 
modern  oil  furnaces,  and  60  flues  can  be  welded  per  hour;  using  coal 
instead,  it  is  good  practice  when  14  to  16  flues  are  welded  per  hour  with 
the  same  number  of  men.  Thus  the  use  of  coal  in  this  service  involves  a 
waste  of  both  time  and  fuel. 

In  California,  where  petroleum  is  cheap  and  coke  is  costly,  oil-fired 
air  furnaces  should  be  used,  instead  of  coke-fired  cupolas,  for  making 
gray  iron  castings,  because  oil  produces  a  better  quality  of  metal  with  a 
higher  tensile  strength  and  the  furnace  up-keep  is  less.  Fig.  6  is  a  sec- 
tional view  of  a  12-ton  air  furnace.  California  petroleum  is  low  in  sul- 
phur, while  Mexican  oil  is  high  in  sulphur,  but  all  consequent  difficulty 
can  be  obviated  if  a  combustion  chamber  is  used  on  the  furnace  and  the 
proper  amount  of  air  is  admitted  under  the  flame  at  the  correct  time  and 
place.  If  some  inventor,  having  the  audacity  of  genius,  would  invent 
an  oil-fired  cupola  of  modern  construction,  it  would  be  a  great  blessing 
to  those  in  the  foundry  practice  who  are  situated  where  oil  can  compete 
in  cost  with  coke  in  present  cupola  practice,  and,  as  such  a  process  would 
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occupy  but  one-fourth  of  the  shop  space  of  a  corresponding  air  fumaoe,  it 
would  be  in  great  demand. 

The  value  of  certain  steels  depends  upon  their  heat  treatment^  and. 
because  of  the  perfect  distribution  of  the  heat  and  the  absolute  control 
over  the  temperature^  oil  is  an  incomparable.fuel  for  this  purpose. 

In  the  types  of  service  mentioned  below,  the  use  of  oil  has  been 
thoroughly  tested,  and  it  has  been  found  to  be  an  ideal  fuel,  but,  of  course, 
the  economic  effect  will  depend  upon  the  relative  price  of  oil  and  coal  in 
the  locality  where  the  industry  is  carried  on:  For  annealing,  for  as- 
phaltum  mixers,  Babbitt  heating,  bolt  making,  brass  melting,  brazing, 
bread  ovens,  etc.,  brick  and  art-tile  kilns,  case  hardening,  cast-iron 
melting,  rotary  cement  kilns,  channel-iron  heating,  chocolate-bean 
roasting,  continuous  heating,  copper-plate  heating,  copper  refining,  core 
drying,  crematories,  crucible  brass  melting,  crucible  steel  melting,  drop 
forging,  enameling,  flue  welding,  glass  lehrs,  glass  melting,  incinerators, 
indirect-fired  furnaces,  japanning  ovens,  ladle  heating,  locomotive  steam 
raising,  locomotive-tire  heating,  malleable-iron  and  gray-iron  air  furnaces, 
mold  drying,  ore  smelting,  plate  heating,  pipe  bending,  pipe-flange 
welding,  portable  torches,  rivet  making,  rolling-mill  work,  rotary  kilns, 
shaft  and  billet  heating,  sand  drying,  sheet-steel  heating,  steel  melting, 
steel  mixers,  tar  stills,  tempering,  welding  scrap  iron,  wire  annealing, 
wire  making,  as  well  as  stationary,  marine,  and  locomotive  boilers  of  all 
types  and  capacities. 

In  conclusion,  I  refer  to  an  exhaustive  report  compiled  in  1904  by  the 
Liquid  Fuel  Board  of  the  United  States  Navy.  The  test  was  under  the 
direction  of  the  late  Rear  Admiral  George  W.  Melville,  but  the  work  was 
done  by  the  President  of  the  Liquid  Fuel  Board,  one  of  our  honored 
members,  Rear  Admiral  John  R.  Edwards.  This  report  stands  to-day 
as  the  highest  authority  in  marine  boiler  practice.  The  fuels  used  were 
procured  from  various  sections  of  the  United  States,  and  these  tests 
brought  liquid  fuel  to  the  attention  of  the  world,  with  the  result  that  all 
the  leading  nations  are  installing  it  on  their  battle  ships,  and  some 
authorities  believe  that  the  liquid-fuel  question  is  one  which  may  deter- 
mine the  relative  naval  strength  of  the  nations.  It  should,  therefore, 
be  our  aim  as  loyal  Americans  to  obtain  as  wide  a  knowledge  of  this  fuel 
as  possible,  and  we  believe  that  the  American  Institute  of  Mining 
Engineers  was  not  only  serving  the  best  interests  of  the  manufacturing 
world,  but  those  of  our  nation,  when  it  established  the  Committee  on 
Petroleum  and  Gas,  to  promote  research  on  this  important  fuel,  the 
supply  of  which  we  believe  to  be  fully  equal  to  the  demand,  as  has  been 
the  case  with  coal,  natural  gas,  and  other  fuels. 
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Discussion 

E.  H.  HAMILTON;  West  Norfolk,  Va.— ;!  think  I  was  about  the 
first  to  use  oil  in  large  reverberators,  for  copper  smelting,  and  our  records 
show  that  we  got  better  results  generally  per  B.t.u.  from  the  oil  than 
from  any  other  fuel.  It  did  away  with  all  fire-box  losses  from  below  the 
grates,  and  the  boilers  could  be  regulated  to  suit  any  purpose.  Sometimes 
we  ran  the  furnace  for  steam,  and  sometimes  for  oil.  Incidentally  all  the 
time  it  was  for  smelting.  We  found  the  efficiency  of  the  smelting  de- 
pended upon  the  highest  point  of  temperature,  and  we  had  to  feed  the 
charge  at  the  hottest  point  of  the  furnace,  which  was  in  a  different  position 
from  a  furnace  fired  by  any  other  kind  of  fuel.  We  moved  the  charge 
to  suit  the  point  of  high  temperature. 

H.  0.  HoFMAN,  Boston,  Mass. — ^In  regard  to  the  use  of  fuel  oil,  I 
think  it  would  be  of  interest  if  Mr.  Best  made  some  remarks  upon  the  use 
of  steam  and  air  as  atomizers.  As  I  recall  it,  in  perusing  the  paper,  this 
subject  has  not  been  touched  upon.  In  smelting  sulphide  copper  ores 
in  a  reverberatory  furnace,  our  metallurgists  have  tried  steam,  low-pres- 
sure air,  and  high-pressure  air  for  atomizing;  all  have  given  up  steam  and 
low-pressure  air  and  use  air  at  a  pressure  of  12  to  14  lb. 

In  reference  to  the  remarks  made  by  the  last  speaker  about  the  high 
efficiency  of  oil,  I  may  recall  that  Mr.  Mathewson,  in  his  paper  on  the  use 
of  bituminous  coal  in  firing  reverberatory  matting  furnaces,  found  that 
he  did  not  derive  any  advantage  in  increasing  the  length  of  his  furnaces 
beyond  100  ft.  It  has  been  found  that  you  can  do  this  in  firing  with  oil; 
in  fact,  Mr.  Sorensen,  at  the  works  of  the  Nevada  Consolidated  Co.,  has 
in  operation  a  furnace  130  ft.  in  length;  he  believes  that  the  greatest 
permissible  length  is  140  ft.  This  may  be  due  to  two  causes:  One  is 
the  high  calorific  power  of  the  oil,  and  the  second,  that  oil  is  fed  continu- 
ously; we  have  continuous  feeding  and  firing.  With  the  modern  method 
of  supplying  coal  to  the  copper  reverberatory  matting  furnace,  in  which 
coal  is  fed  every  10  or  15  min.  from  the  top  of  the  furnace,  there  is  an 
interrupted  feed.  With  every  addition  of  coal  the  fire  must  cool  down. 
For  this  reason  the  temperature  in  the  oil-fired  furnace  is  higher  than  in  the 
coal-fired,  and  the  heat  extends  for  a  longer  distance,  which  makes  the 
longer  furnace  possible.  The  smelting  power  is  also  greater.  Wherever 
it  is  economically  possible,  oil  has  replaced  bituminous  coal  for  firing.  A 
good  example  of  this  rivalry  is  shown  at  the  Garfield  smeltery,  where 
bituminous  coal  and  oil  were  used  at  the  same  time  in  two  furnaces  and 
where  oil  has  replaced  bituminous  coal. 

E.  W.  Parker,  Washington,  D.  C. — Professor  Hofman  might  give  us 
some  information  regarding  the  use  of  mechanical  stokers  in  metallurgical 
furnaces. 

Professor  Hofman. — Some  experiments  have  been  made  in  using  a 
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mechanical  stoker  in  firing  a  reverberatory  furnace  treating  native  copper 
ore  at  Lake  Superior,  but  no  report  of  the  results  has  been  made  public 
as  yet. 

E.  H.  Hamilton. — When  I  was  at  the  Pueblo  smelter  we  fired  our 
mechanical  roasters  with  oil,  and  the  Standard  Oil  Co.  kept  putting  up 
the  price,  so  we  put  in  mechanical  stokers,  and  they  worked  very  effi- 
ciently. The  stoker  was  called  the  American  stoker,  and  with  certain 
coals  it  worked  very  well. 

KabJj  Nibecker,  Youngstown,  Ohio. — ^I  notice  that  Mr.  Best  gives 
some  values  for  the  amount  of  oil  used  in  various  heating  furnaces  which 
would  be  equivalent  to  1  ton  of  coal  burned  in  the  same  type  of  furnace. 
I  would  like  to  know  whether  these  values  are  compared  with  coal 
burned  in  the  furnaces,  or  in  the  form  of  gas.  As  powdered  coal  appears 
to  be  one  of  the  most  economical  methods  of  burning  the  fuel  for  heating 
furnaces,  can  Mr.  Best  give  us  any  comparisons  of  the  amount  of  coal 
required  in  a  heating  furnace,  as  compared  to  a  ton  of  powdered  coal? 
As  there  at  present  seems  to  be  some  doubt  about  the  value  of  powdered 
coal  in  a  boiler,  I  do  not  feel  that  that  phase  of  the  comparison  would  be 
of  such  vital  interest. " 

If  Mr.  Best  has  any  comparative  figures  along  these  lines  I  feel  that 
they  would  be  of  considerable  value  to  operators  of  heating  furnaces. 

Leonard  Waldo,  New  York,  N.  Y. — With  fuel  oil  things  can  be  done 
and  quickly  done  that  are  harder  to  do  in  any  other  way.  The  heat 
gradient  can  be  pushed,  instead  of  lagging  along  for  hours.  It  can  almost 
be  put  on  a  straight  line.  That  comes  from  the  extremely  efficient  way 
in  which  the  oil  can  be  burned. 

In  regard  to  the  calorific  value,  the  B.t.u.  per  pound,  of  18,493,  given 
for  Mexican  oil,  I  would  say  that  many  samples  increase  this  to  19,200, 
from  which  follows  this  corollary :  That  gallon  per  gallon  it  is  higher  than 
any  other  oils,  but  pound  for  pound  is  somewhat  less,  as  Mexican  crude 
oils  have  a  high  specific  gravity.  In  regard  to  the  details  through  this 
paper  of  the  burning  apparatus  for  burning  oil,  no  one  who  has  not  ex- 
perienced the  burning  in  the  field  can  know  the  value  of  these  suggestions. 
It  is  necessary  that  you  should  lead  the  horse  to  water,  before  he  takes 
his  drink,  and  in  regard  to  these  fuel  oils,  at  2,000  seconds  on  the  visco- 
meter, ordinary  temperature  of  outside  air,  the  oils  may  refuse  to  move, 
even  though  your  pumps  may  be  forced  to  the  point  where  the  gaskets 
break  out  and  your  pipes  split.  Therefore,  we  owe  great  thanks  to  the 
gentleman  who  has  spoken,  for  the  careful  way  in  which  he  has  set  out 
the  practical  details.  I  do  not  know  that  they  occur  in  any  other 
literature. 

In  regard  to  flash  tests  and  the  fire  risks  of  oil,  the  literature  is  based 
on  the  old  fiash  and  combustion  points,  which  have  crept  in  from  the 
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petroleum  series,  and  when  a  Mexican  crude  oil  comes  with  a  flash  point 
of  125^  we  feel  that  to  use  that  on  our  work  would  insure  our  early  de- 
parture from  this  world.  But  these  flash  points  are  determined,  and  the 
amount  of  actual  vapor  with  125^  flash  point,  in  perhaps  1  or  2  per  cent, 
of  the  great  bulk  of  the  oil.  Only  1  or  2  per  cent,  of  it  has  that  flash  point. 
It  will  make  its  first  flash,  and  the  flash  point  is  recorded  as  being  125^, 
whereas  that  is  the  flash  point  of  but  a  very  small  fraction  of  the  oil,  and 
the  total  amount  of  vapor  lying  on  the  top  of  that  oil  is  so  slight  that  the 
oil  will  flash  like  lycopodium  in  a  theater. 

I  was  standing  by  some  laborers  who  had  a  fear  of  the  oil,  and  one  said, 
''I  am  going  to  try  the  stuff.  Come  with  me.''  He  filled  a  galvanized 
bucket  with  the  oil,  got  a  light  at  the  furnace,  and  plunged  it  in  the  bucket. 
Nothing  happened,  only  the  light  was  put  out.  The  same  conditions 
govern  the  experiments  at  sea.  In  the  case  of  the  "Volturno,"  the 
waves  were  covered,  and  if  it  had  a  dangerous  point  it  would  have  been 
shown  there.  We  must  revise  our  whole  idea  of  flash  points  when  they 
relate  to  a  very  small  fraction  of  a  mass  of  the  oil,  the  total  sum  of  which 
is  insufficient  to  raise  the  temperature  of  the  whole  body  above  a  fraction 
of  a  degree.  If  you  have  a  large  tank  of  oil,  and  you  are  carrying  a  10-ton 
mass  to  be  cooled  or  quenched  in  oil,  sometimes  the  heat  of  the  large  mass 
will  raise  the  temperature  of  the  mass  of  oil  to  a  dangerous  point.  But  if 
you  have  a  trundle  bed  and  a  roof  shoved  out  and  covering  the  tank,  the 
whole  conflagration  is  at  once  extinguished,  and  you  have  a  safe  use  of 
these  oils.     Where  you  have  a  quick  extinguisher  for  the  oU,  it  is  safe. 

Now,  in  regard  to  the  use  of  air  or  steam  for  atomization:  In  the 
furnaces,  it  does  not  seem  to  make  very  much  difference  which  is  used,  as 
far  as  the  atomization  of  the  oil  is  concerned,  but  there  are  certain  indirect 
advantages  in  using  air.  I  cannot  refer  to  them  here,  as  they  involve  the 
chemistry  of  combustion;  but  steam  is  used  at  some  important  furnaces 
for  atomization,  audit  is  very  effective,  but  in  those  cases  the  air  supply  is 
carefully  regulated  from  other  sources. 

Our  literature  is  lacking  most  in  viscosities  at  varying  temperatures. 
Fortunately  for  us,  but  unfortunately  for  our  predictions,  the  viscosity 
curve  for  these  heavy  oils  must  be  considered.  It  increases  rapidly  after 
it  reaches  40®  or  45®  F.,  and  then  it  goes  up  very  rapidly.  I  would  like  to 
suggest  to  the  Bureau  of  Mines  that  we  desire  additional  information  in 
that  field. 

W.  N.  Best, — In  relation  to  the  atomization  of  the  oil,  either  steam 
or  air  may  be  used  to  atomize  the  oil.  When  using  heavy  oil  in  large 
furnaces  it  is  necessary  to  use  air  or  steam  at  80  lb.  pressure  in  order  to 
thoroughly  atomize  the  required  quantity  of  oil  and  distribute  the  heat, 
but  small  furnaces  require  only  about  20  lb.  pressure.  In  either  case 
about  forty-nine-fiftieths  of  the  air  requisite  for  combustion  passes  in 
through  the  air  nozzle  at  3  oz.  pressure,  and  therefore  you  have  the  strict- 
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est  possible  economy  by  using  a  small  quantity  of  air  or  steam  to  atom- 
ize the  oil  and  distribute  the  heat  and  admitting  the  additional  air  re- 
quired through  a  nozzle  at  low  pressure.  Relative  to  the  economy  of 
using  steam  and  air 'at  80  lb.  as  atomizer,  air  will  show  a  saving  over 
steam  of  over  12  per  cent,  in  fuel,  but  it  requires  8  per  cent,  of  the  oil 
saved  to  compress  the  air;  therefore  you  have  a  net  saving  by  the  use  of 
air  over  steam  of  4  per  cent,  in  fuel. 

Now,  answering  the  question  relative  to  pulverized  coal:  The  figures 
given  relate  to  bituminous  coal,  and  it  is  referred  to  in  the  paper  as  bi- 
tuminous coal.  I  have  had  no  experience  in  running  tests  against  pul- 
verized coal. 

The  data  given  in  this  paper  are  the  result  of  26  years'  hard  work,  and 
thousands  of  tests,  and  there  is  not  a  week  but  men  come  into  my  office 
and  say,  ''Mr.  Best,  we  want  our  boilers  equipped;  we  have  gotten  on  so 
successfully  with  our  furnaces  that  we  want  the  boilers  equipped  with  oil 
also.''  But  I  have  refused  to  do  it,  as  I  know  the  additional  quantity  of 
oil  required  to  represent  a  ton  of  coal  in  the  boilers,  whereas,  in  furnaces  a 
60  per  cent,  economy  over  coal  is  often  effected. 

E.  Gybbon  Spilsburt,  New  York,  N.  Y. — Dr.  Waldo  seems  to  place 
emphasis  on  the  fact  that  there  is  little  or  no  difference  in  the  use  of  steam 
instead  of  air  for  atomizing  the  oil  used  either  for  melting  or  heating  iron  or 
steel.  I  would  like  to  strike  a  note  of  warning  against  the  use  of  steam  in- 
stead of  air  as  a  means  of  introducing  liquid  fuel  into  iron-melting  or  heat- 
ing furnaces.  An  experience  I  had  some  years  ago  demonstrated  the 
danger  of  the  use  of  water  vapor  for  this  purpose.  About  1887-88,  the 
Bethlehem  Iron  Co.  introduced  the  Archer  water-gas  producers  for  their 
billet-heating  furnaces,  and  as  it  turned  out  later  the  results  were  very 
disastrous.  At  about  the  same  time  I  adopted  the  same  method  for 
heating  furnaces  at  the  works  of  the  Trenton  Iron  Co.  The  billets  I  had 
been  purchasing  from  the  Bethlehem  Iron  Co.  had  always  been  extremely 
soft  and  ductile;  in  fact,  the  company  had  made  a  great  reputation  for 
itself  on  this  particular  brand  of  open-hearth  billets.  All  at  once  the 
character  of  the  steel  changed  entirely  and  it  became  so  brittle  as  to  make 
it  absolutely  worthless.  Investigations  carried  on  both  by  our  company 
and  the  Bethlehem  Iron  Co.  failed  to  show  any  cause  for  this  remarkable 
change  of  character;  the  records  of  the  heat — taken  from  the  open  hearth 
where  the  billets  were  made — showed  no  change  from  former  practice, 
and  the  analyses  of  the  material  were  exactly  the  same  as  they  had  been 
for  years  previous.  Nothing  that  we  could  do  in  the  way  of  annealing 
or  slow  cooling  seemed  to  have  any  effect  on  the  material.  Finally, 
Porter  Shimer,  after  making  a  number  of  very  exhaustive  analyses, 
called  my  attention  to  the  fact  of  a  larger  evolution  of  hydrogen  gas 
in  dissolving  this  material  than  he  had  noticed  in  other  steels.  In  tracing 
the  matter  back  it  was  found  that  the  b^inning  of  the  trouble  was  coinci- 
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dent  with  the  introduction  of  the  Archer  producers,  and  it  was  entirely 
remedied  when  ordinary  producer  gas  was  used  in  the  heating  furnaces 
instead  of  that  produced  by  the  Archer  method.  It  was  evident  that  the 
brittlenesa  of  the  steel  was  due  to  the  absorption  of  hydrogen  by  the  hot 
steel  the  moment  it  came  in  contact  with  this  hydrogen  in  its  nascent 
state.  While  we  found  that  annealing  in  the  ordinary  pot  method  failed 
to  reduce  or  drive  off  the  hydrogen,  it  was  demonstrated  later  that  a 
gradual  occlusion  of  the  hydrogen  took  place,  so  that  after  some  few 
months'  exposure  to  the  air  billets  and  rods  would  recover  their  ductility 
almost  to  the  same  extent  as  similar  material  which  had  not  been  exposed 
to  the  hydrogen  effect. 
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Fio.  7. — Retobt  fob  DsTZKifiNiNa  Vaporization  Point  ot  Pbtrolbuu. 

David  T.  Dat,  Washington,  D.  C— I  would  like  to  ask  Mr.  Best  what 
he  means  by  the  v^K)riz&tion  point;  and  I  would  like  to  ask  Mr.  Waldo 
vhat  oil  was  on  the  tank  steamer  that  blew  up  in  the  river,  where  it  came 
from,  and  what  its  flash  point  was. 

W.  N.  Bkst. — The  point  at  which  the  oil  when  heated  casts  off  visible 
vapors.  For  example,  the  Mexican  oil  vaporizes  at  175°  F.  or  thereabouta 
and  you  ordinarily  carry  a  temperature  of  about  160°  F.  on  the  oil  line 
to  burners.  If  you  carry  it  at  180°  P.  there  will  be  noticeable  puffs  of 
flame  from  the  burner,  simply  because  the  vapor  and  the  oil  pass  inter- 
mittently out  of  the  burner. 

Me.  Day. — I  only  want  to  know  how  you  distinguish  that  from  the 
ordinary  flash  point. 
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W.  N.  Best. — I  do  not  deal  with  flash  points  in  my  paper.  There  are 
two  different  ways  of  distinguishing  the  vaporizing  point:  one  is  by  the 
color  of  the  flame  in  the^fumace  (one  moment  there  being  perfect  com- 
bustion and  the  next  imperfect  combustion),  and  the  other  is  by  the  un- 
steady noise  while  the  burner  is  in  operation. 

Mr.  Day. — Then  how  would  you  determine  the  vaporization  point,  the 
point  at  which  it  vaporizes? 

W.  N.  Best. — That  is  determined  by  heating  it  with  steam  in  a  small 
receptacle,  as  shown  in  Fig.  7.  The  temperature  of  steam  at  100  lb.  is 
338®  F.  Soon  perceptible  vapors  will  arise  from  the  oil  in  the  receptacle, 
and  as  soon  as  that  occurs  you  have  the  temperature  at  which  the  oil 
vaporizes. 

C.  W.  WASHBURNE,'^Washington,^D.  C. — Isn't  it  true  that  all  hy- 
drocarbons have  a  vapor  "pressure,  and  that  there  is!  some  vapor  escap- 
ing at  all  pressures;  and  there  can  be  no  scientific  point  determined?  It 
must  be  some  particular  point  at  which  a  great  deal  of  vapor  is  given  off, 
and  I  should  think  that  was  variable. 

W.  N.  Best. — It  is  true  that  some  imperceptible  vapor  is  constantly 
passing  from  the  oil,  but  that  to  which  I  refer  is  the  vapor  formed  in  large 
quantities  when  the  oil  is  heated  in  order  to  reduce  its  viscosity,  as  de- 
scribed in  my  article.  When  the  oil  is  heated  beyond  a  certain  point, 
vapor  forms  and  causes  an  intermittent  flow  of  oil  through  the  burner. 
The  oil  should  be  heated  to  just  below  the  temperature  at  which  vapor  in 
large  quantities  is  generated  and  that  temperature  can  be  maintained 
within  6**  or  6®  by  the  operator.  I  now  refer  to  heavy  oil,  for  light  fuel 
oil  does  not  require  heating. 

E.  H.  Hamilton. — We  used  to  burn  300  barrels  a  day,  and  when  we 
sampled  it  with  the  same  accuracy  that  we  sampled  gold  and  silver  and 
copper  ores,  I  found  the  B.t.u.'s  were  lower  than  the  published  statements. 
This  was  probably  due  to  water  in  suspension,  but  it  is  a  fact  that  when 
we  tested  those  samples  for  B.t.u.,  we  did  not  get  as  high  results  as  we  were 
supposed  to  get. 

Leonard  Waldo. — ^Vapor  is  generated  from  all  oils.  I  think  we  will 
see  a  complete  change  in  our  literature  on  the  subject  of  flash  tests  of  oil. 

Now,  Mr.  Spilsbury  has  asked  a  question  which  I  thought  I  had  con- 
cealed under  the  remark  that  we  would  not  touch  on  the  chemistry  of  the 
burner.  But  he  raises  the  question.  Atomizing  oil  has  a  two-fold  func- 
tion; one  is  to  atomize  the  oil,  get  it  into  a  smaller  molecule  and  deliver  it 
in  small  quantities  at  distances  of  40  or  60  or  100  ft.,  and  that  takes 
pressure.  In  many  plants  they  prefer  to  substitute  steam  for  the  purpose, 
for  while  it  is  easy  to  get  steam  over  100  to  120  lb.,  it  is  hard  to  get  air,  and 
therefore  while  the  contention  of  the  members  is  quite  true,  there  are 
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steel  makers  to-day  who  adhere  to  the  use  of  steam  against  this  advice, 
and  with  as  good  result  as  in  its  use  on  the  locomotive.  I  personally  use 
air,  and  will  go  to  any  pains  to  get  the  air  for  that  purpose. 

In  regard  to  that  explosion:  Explosions  will  take  place  in  an  oil  tank 
when  it  is  relatively  empty.  It  is  only  necessary  to  have  a  small  quantity 
of  oil  in  the  tank,  and  a  careless  workman  who  insists  on  lighting  his  pipe 
in  the  bottom  of  the  tank,  and  all  the  data  of  your  experiment  can  be 
measured  afterward,  and  the  original  proportions  for  it  are  there. 

Now,  in  these  explosions  at  sea,  I  tried]|to  get*the  data.  In  regard  to 
the  one  cited,  I  have  no  data  as  to  that.  But  in  cases  at  sea  where  bad  ex- 
plosions have  taken  place  from  the  flare-back  of  a  flame  under  the  boiler, 
they  would  have  been  avoided  if  the  oil  had  been  used  more  economically, 
and  burned  in  the  cylinder  of  the  engine.  Oil  properly  used  and  stored  is 
statistically  a  safer  fuel  than  coal. 
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Mine  signal  system:  Penn  Iron  ^'iiii  -^  Co.,  Vulcan,  Mich.,  290,  293. 
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British  Columbia  and  Mexico,  354-360. 
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placer  law  applied  to  petroleum,  451-470. 
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revision:  how  to  obtain  it,  405-418. 
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Transvaal,  380. 

uniform  State  legislation,  419-422. 
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417,  418;  (Kibbt),  416;  (Packard),  416;  (Riobdan),  416;  (Tybrell), 
408;  (Walsh),  409,  417,  418;  (Winchell),  409,  416. 
Mining  methods: 
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electric  traction,  295-298. 

in  Missouri  lead  district,  42-52. 

Penn  Iron  Mining  Co.'s  mines,  Vulcan,  Mich.,  262-294. 

safeguarding  the  use  of  electricity,  216-223. 
Missouri: 

disseminated-lead  district:  geology,  36. 
mining  and  mining  methods,  33-54. 
Montana  Mining  Co.,  Ltd.:  litigation  with  St.  Louis  Mining  &  Milling  Co.,  328-349. 
Motors,  electric: 

application  to  shovels,  224-242. 

equipment  of  mines  and  mills  of  Witherbee,  Sherman  &  Co.,  Mineville,  N.  Y., 
247-261. 
Mud: 

use  in  cementing  oil  and  gas  wells,  653,  673. 

use  with  lubricator  to  kill  gas  wells,  681. 
Munn:  origin  of  petroleum,  [525.] 
Myers- Whaley  mechanical  shovel,  47,  53. 
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can  transmission  lines  be  made  common  carriers?  471-480. 
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NiBECKER,  Kahl:  Discussion  on  Scientific  Installations  for  the  Economical  Burning 

of  Ldquid  FueVof  Any  Specific  Gravity,  728. 
Nickel-copper  sulphides : 
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retardation  points,  145.  ^ 

Nickel  Deposits  in  the  Urals  (Turner),  xxii,  118-124. 
Nickel-pyrite  ores,  Russia:  occurrence  and  origin,  118-124. 
Nickel  sulphide:  preparation  of  artificial,  142. 
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Northern  Light  mill,  Shasta  County,  Cal,,  [71]. 
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bibliography,  582-612. 
in  the  Southwest,  565-612. 
maritime  features,  695^707. 
scientific  installations  for  burning,  716-733. 
Oil-field  waters:  chlorides  in,  687-694. 
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Russia,  613-626. 
Oil-Land  Law  (Smith),  xxi,  443-446;  Discussion  (Coste),  446-448;   (Day),  448; 
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application  of  placer  law,  451-470. 
drainage  by  wells  on  adjacent  land,  466. 
effect  of  withdrawal  act,  469. 
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cementing  casing  above  screen,  661. 
cementing  short  strings  of  casing,  668. 
cementing  very  long  strings  of  casing,  669. 


INDEX  747 

Oil-wells. — Continued. 
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mixing  and  pumping  cement,  643. 
Perkins  method,  635,  650. 
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organic  origin,  521-532. 
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classification  and  segregation  of  natural  resources,  386-402. 
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436-142. 
on  The  Segregation  and  Classification  of  the  Natural  Resources  of  the  Public 

Domain,  400. 
on  Should  the  Apex  Law  be  Now  Repealedf    316,  324. 
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